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Botulinum neurotoxin injection is effective and safe, with few side effects in most cases when properly administered by an
experienced clinician. The diagnosis and treatment of oromandibular dystonia require both neurological and dental or oral
surgical knowledge and skills, and well-designed multicenter trials with a multidisciplinary team approach must be
necessary to ensure accurate diagnosis and proper treatment.
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| 1. Introduction

Botulinum neurotoxin (BoNT) is the exotoxin of Clostridium botulinum, a gram-positive, spore-forming bacterium. Kerner
was the first to describe the symptoms of botulism in detail L. Van Ermengem isolated the microorganism Bacillus
botulinus . In 1979, Scott was the first to use BoNT therapeutically for strabismus via injection to the extraocular
muscles (1,

The clinical applications of BONT have since expanded to treat ophthalmic, gastrointestinal, urological, orthopedic,
dermatological, dental, secretory, painful, cosmetic, and other diseases, and applications to the orofacial region have

gained particular attention HEIBIAEIN Target orofacial disorders include oromandibular dystonia (OMD) [LQILL12](13][14][15]
[16JL7]

| 2. The Clinical Problem: History, Presentation, and Epidemiology
2.1. OMD

Dystonia is a hyperkinetic movement disorder characterized by sustained or intermittent muscle contractions that result in
abnormal repetitive movements and/or postures X8l Dystonia is categorized along two axes: (1) clinical characteristics,
including the age at onset, body distribution (focal, multifocal, segmental, hemidystonia, generalized), temporal pattern
and associated features (additional movement disorders or neurological features); and (2) etiology: inherited, acquired,
and secondary 18], The term "dystonia" was coined in 1911 by Oppenheim 12, Before the concept of "dystonia" was
published, Romberg described various cases of masticatory muscle spasms due to a variety of pathogenesis in his
textbook 29, Among the cases, a few can be diagnosed as OMD, representing the first reports of this condition. The term
“oromandibular dystonia” was first introduced by Marsden in 1976 [Z1. OMD is a focal type of dystonia characterized by

contractions of the masticatory, lingual, pharyngeal, and/or muscles of the stomatognathic system [L6I[L71122][23][24](25][26][27]
[281291130(31],

2.2. Presentation

OMD symptoms include masticatory disturbances, biting of the tongue or cheek membrane, limited mouth opening, pain
or discomfort of the muscles, dysphagia, dysarthria, esthetic problems, upper airway obstructions 15 and
temporomandibular joint dislocations B2. Most of these symptoms can impair daily activities, social embarrassment,
cosmetic disfigurement, inability to work, and unemployment, forming a significant impact on the overall quality of life of
the patient [22123]29]130131]  Based on the site and direction of abnormal dystonic movements, OMD is classified into six
subtypes: jaw closing, jaw opening, lingual, jaw deviation, jaw protrusion, and lip dystonia [221[231[29](31]

Italian movement disorder experts developed diagnostic recommendations for OMD, pointing to patterned and repetitive
oromandibular movements/postures — either spontaneous or triggered by motor tasks B3l If present, a sensory trick
(geste antagoniste) confirmed the diagnosis of OMD 23l |n patients who did not manifest a sensory trick, the active
exclusion of clinical features related to the condition mimicking dystonia was necessary for diagnosis 23, OMD is usually
diagnosed based on the characteristic clinical features of focal dystonia and electromyography (EMG) findings [221[241[29],



Patient clinical features include stereotypy, task specificity, sensory tricks, morning benefit, co-contraction, and overflow
phenomenon [22231291[34]  patients with OMD exhibit different stereotypical patterns of muscle contraction according to
subtype. Stereotypy was observed in 95.8% of 385 patients with OMD in one study 22, OMD symptoms often appear only
task-specifically, for example, while speaking or chewing, in its early phase. Notably, 69.9% of patients with OMD showed
task-specificity in one study 22, A typical example of task-specific dystonia in the oral region is embouchure dystonia,
which occurs only during the performance of wind instrument players B3, Sensory tricks are physical movements or
positions that can temporarily ameliorate the symptoms of dystonia 2223129131 5ych sensory tricks were observed in
51.4% of patients with OMD in one study 22, The symptoms of dystonia tend to be milder in the morning with large inter-
individual variations in their duration; this phenomenon is called ‘morning benefit' and was reported in 47.3% of patients
with OMD [29]. Another symptom, co-contraction, refers to a loss of the reciprocal inhibition of muscular activities, causing
involuntary simultaneous contractions of the agonist and antagonist muscles. Jaw closing muscle contraction during
mouth opening can limit the maximal mouth opening, and the occurrence of such contractions while speaking or eating
can hamper speech or mastication 222312981 The overflow phenomenon involves the activation of muscles that are
unnecessary for a task, interfering with normal movement B4, Dystonic contracture of the masticatory muscles may
expand to the orbicularis oris, orbicularis oculi, or other facial, neck, and shoulder muscles 4.

Dopamine receptor—blocking agents, including antipsychotics, tricyclic antidepressants, antiemetics, and other
medications for gastrointestinal disorders can induce tardive dystonia, and represent common causes of acquired
dystonia 8. Some genetic disorders (DYT-THAP1, DYT-TAF1, DYT-ATP1A3, and DYT-KMT2B) are also characterized
by OMD in the clinical spectrum [8!,

2.3. Epidemiology

The mean age of OMD onset is in the 50s [2AEBAEBL Notably, women are approximately twice as frequently affected as
men, indicating female predominance (2:1) 243331 OMD can occur in isolation; however, it may present together as
segmental or generalized dystonia. For example, comorbid OMD and blepharospasm can form together as a segmental
dystonia 2428, Common comorbidities of OMD include cervical dystonia, writer's cramp, and spasmodic dysphonia [22129]
(30361 The ratio of isolated OMD among all OMD cases differs considerably as reported by neurologists (focal, 39%:;
segmental, 43%; generalized, 10%) 29 and an oral surgeon (focal, 90.8%; segmental, 10.4%; multifocal, 6.3%) Bl This
discrepancy occurred because neurologists assessed severe cases of OMD associated with neurological diseases,
whereas the oral surgeon was able to identify numerous mild cases B4,

In a meta-analysis, Steeves et al. 2 estimated the prevalence of primary dystonia to be 16.43 per 100,000 persons, of
cervical dystonia to be 4.98, of blepharospasm to be 4.24, and of OMD to be 0.52. The estimated prevalence of OMD
varies from 0.1 to 6.9 per 100,000 population [B2I49)[41][42][43][44][45][46][47][48] The prevalence of OMD has been postulated
to be considerably higher than previously estimated 2229 A recent study B1. reported the crude prevalence of OMD to
be 9.8 per 100,000 persons (idiopathic dystonia, 5.7; tardive dystonia, 3.4), with an incidence of 2.0 per 100,000 person-
years (idiopathic dystonia, 1.2; tardive dystonia, 0.68). The prevalence was 13.0 and 6.3 in 100,000 persons for women
and men, respectively B, The research postulated that OMD may have an equal or even higher prevalence than cervical
dystonia or blepharospasm (21, Approximately 70% of patients with OMD visited dentists, and 60% of patients saw oral
surgeons in one study 2. However, approximately 90% of the patients had not been diagnosed correctly 2. A vast
majority of the patients had been diagnosed with temporomandibular disorders, bruxism, or psychiatric diseases [221[23129]
(491 Several patients continued the treatment of temporomandibular disorders or bruxism without effects, eventually
discontinuing treatment and abandoning further consultations 2223129491 OMD has been considered a rare disorder;
however, in reality, cases are simply incorrectly diagnosed.

| 3. Treatment Challenges and Pitfalls

OMD can be part of the clinical spectrum of various neurological diseases, including Parkinson's disease, pantothenate
kinase associated neurodegeneration, Wilson’'s disease, chorea-acanthocytosis, Lesch Nyhan syndrome, and Leigh
syndrome; or of ischemic or hemorrhagic stroke, tumors, infarction, and brain injury B€. If such diseases have already
been diagnosed and treated, OMD must be addressed simultaneously by the attending physicians 2223, However, if not
diagnosed yet, the patient should be referred to specialists 2223, | jkewise, collaboration with a psychiatrist is required for
the treatment of tardive dystonia.

The treatment of OMD must be multimodal and highly individualized, and methods include pharmacological [231[341[36]
BoNT [LOILLI121113](14](15][16][17][26][54][SSIISEIISTSEIB60N6LI621(63] myscle afferent block 241641651 occlusal splint ©8187, and

surgical therapies (coronoidotomy) (688979 pye to the number of muscle spindles, muscle afferent block therapy is more
effective for jaw closing muscles than for jaw opening muscles 241841 A sensory trick splint is particularly successful in



patients with muscle hyperactivity of the jaw closing muscles. In one study, 83.7% of the responders with splints
presented with jaw closing dystonia 8. Patients who showed improvement with the use of splints and continued to wear
them for at least three months were defined as responders €8], While, patients who showed little or no effect and/or were
unable to insert splints were defined as non-responders [68l. Intraoral sensory tricks were significantly more common in
responders (60.2%) than in non-responders (13.3%) 88, Coronoidotomy is only indicated for severe jaw closing dystonia
(6811691 However, one-third of the operated patients required additional BoNT injections into the masseter and/or medial
pterygoid muscles (€9, This research will focus on BoNT therapy.

Chemodenervation with BoNT is considered the first line of treatment for OMD. Currently, four FDA-approved and
commercially available BONT formulations. The three types of botulinum toxin type A available are onabotulinumtoxinA
(Botox; Allergan, CA, USA), abobotulinumtoxinA (Dysport; Ipsen-Pharma, UK), and incobotulinumtoxinA (Xeomin; Merz
Pharma, Germany); rimabotulinumtoxinB (Myobloc in the USA; Supernus Pharmaceuticals, Inc, Rockville, MD; Neurobloc
in Europe, Sloan Pharma, Switzerland) is a botulinum toxin type B preparation IIZLIZ2 The following ratios are often used
in clinical practice: onabotulinumtoxinA:incobotulinumtoxinA = 1:1; onabotulinumtoxinA: abobotulinumtoxinA = 1:2.5, and
onabotulinumtoxinA:rimabotulinumtoxinB = 1:50 BlZ2 Although BoNT is frequently used in major countries for treatment,
it has not been officially approved for OMD.

For the first injection, the dose of BoNT must be low because effects vary between individuals 2. In the subsequent
injections, the dose should be adjusted individually corresponding to the effects to reduce the risk of side effects or
antibody development, and minimize the cost. A risk of developing neutralizing antibodies exists with the long-term use of
BoNT QIIZ3, The factors that increase the risk of developing resistance to include a high protein load in some formulations,
large individual and cumulative doses, and short intervals 8747576l gjnce the dose for OMD is relatively small, the risk
of antibody development is low; however, a case was reported of antibody development after a large amount of BONT was
injected intensively LY. The contraindications of BoNT include systemic neuromuscular junction disorders (myasthenia
gravis, Lambert-Eaton syndrome, amyotrophic lateral sclerosis), current or possible pregnancy, and lactation.

To predict the efficacy of injected BoNT, 3-5 mL of 0.5% lidocaine was injected into the hyperactive muscles of patients in
one study, and involuntary movements were carefully observed 4. If the patients showed changes at all, BoNT was
considered not likely to be effective. If the patients showed an improvement of symptoms under the effects of the local
anesthetic, subsequent appointments for BoNT injections were recommended 4,

A complete understanding of the local anatomy of the stomatognathic system is a prerequisite for target muscle selection
and safe injection without complications 281231531 BoNT is reconstituted with normal saline to reach a final concentration
of 2.5-5 units/0.1 mL. Differences in the concentration may affect diffusion; however, no difference in effect was seen in a
study for blepharospasm 8. A disposable hypodermic needle electrode (37 mm x 25 G, 50 mm x 25 G) is used for
injection into the target muscles, and accurate placement of the electrode is verified by evaluating EMG activity 181231653
Subsequently, after aspiration, the necessary units of BONT are injected into the target muscles.

Sonography is important for identifying target muscles and preventing damage to other tissues and is often used for
cervical dystonia 28, This method is also very useful for OMD and is recommended for use in combination with other
methods such as EMG.

Maximum bite force is measured bilaterally on the molars three times using an occlusal force meter 23II7EBL The
muscles and doses of BONT are then individually determined for each patient based on their symptoms and occlusal force
(231[29][77](81] The injection is continued until the patient is satisfied with the effect 2377, The injection interval is three to six
months, depending on patient symptoms [2377181],

3.1. Jaw closing dystonia

Jaw closing dystonia was observed in 59.5% of patients with OMD 29, |n severe cases, the patients cannot open the
mouth at all because of the involuntary contraction of the bilateral temporalis and masseter muscles €869 The
recommended target muscles and doses of BoNT for jaw closing dystonia 2377182 are summarized in Table 1.

Table 1. Recommended target muscles and doses of BoNT (onabotulinumtoxinA: Botox®) for jaw closing dystonia 23171
[82],

Main muscles
Additional muscles [Doses (units)]
[Doses (units)]



Bilateral masseter  Bilateral medial pterygoid (10-  Insufficient cases only for masseter and temporalis, or cases in

(10-50) 30) which the effect was diminished by repeated injections
Bilateral Contralateral or bilaterallateral ~ With mandibular deviation, grinding, and myalgia of the lateral
temporalis (10-50) pterygoid (10-30) pterygoid muscle

onabotulinumtoxinA:incobotulinumtoxinA = 1:1; onabotulinumtoxinA:abobotulinumtoxinA = 1:2.5 [l

Masticatory disturbance may be a side effect of an excessive loss of occlusal force. The maximum chewing force should
be measured before and after treatment with BoNT to prevent an excessive loss of chewing force [231[81],

3.1.1. Masseter Muscle

The main BoNT treatment for jaw closing dystonia is the masseter muscle, which comprises a superficial and a deep part
(23182]  posteriorly, the muscle is covered by the parotid gland, and care must be taken not to damage it with a needle 23]
82 An ultrasound-guided injection makes it possible to distinguish the masseter muscle from the parotid gland 23182,
BoNT is injected 10-15 mm into the most prominent region during jaw clenching, with 10-50 units (depending on the
condition) at three points (Figure 1) (231[82],

1‘

Figure 1. Injection sites for the masseter and temporalis muscles [23I[Z7[82],
3.1.2. Temporalis Muscle

After careful examination including EMG, occlusal force and palpation, BoNT is often injected into the temporalis muscle
at the same time. This muscle, particularly anterior fibers, elevates the mandible, and pulls it back with posterior fibers.
Notably, 10-50 units of BoNT are injected 10—15 mm deep at three sites (Figure 1) [23182],

3.1.3. Medial Pterygoid Muscle



Repeated injections into the masseter and temporalis muscles can cause tension on the medial pterygoid muscle due to
the “whack-a-mole phenomenon” 6983 This phenomenon can be explained as follows: When a dystonic muscle has
been improved by BoNT treatment, one of the other muscles with the same function becomes more active B283]
Subsequently, when BoNT is injected into the latter muscle, another muscle with a similar function gradually becomes
dystonic B3] |t is therefore necessary to inject BoNT into the medial (internal) pterygoid muscle. The medial pterygoid
muscle is accessible via intraoral and extraoral approaches (Figure 2). With the intraoral method, the patient must gargle
with a mouthwash solution, then the needle should be positioned at an angle of 20° to the rear and upward, then to the
side by 20° after palpation of the muscle in relation to the occlusal plane (Figure 2) 88283l The needle should be
inserted up to a depth of 15-20 mm. BoONT is injected in 10-30 units. The correct placement of the needle in the target
muscle should be monitored by EMG B28283] For the extraoral method, the patient's head should be tilted towards the
contralateral side. The needle is then inserted into the submandibular skin, 10 mm forward the angle of the lower jaw,
parallel to the inner side of the mandible, and at a depth of 15-20 mm (Figure 2) [69[82][83]

Patients who mainly exhibit grinding also often report severe tenderness in the lateral pterygoid muscle. The details of this
muscle are described in section 3.2.1.

Figure 2. Injection methods for the medial pterygoid muscle; intraoral approach (blue arrow) and extraoral oral approach
(red arrow) [23132501[82](83]

3.2. Jaw opening, deviation, and protrusion dystonia

The occurrence rates of jaw opening, jaw deviation, and jaw protrusion dystonia in patients with OMD are 12.7%, 5.5%,
and 3.1%, respectively 22, In jaw opening and protrusion dystonia, the bilateral lateral pterygoid muscles show
involuntary hyperactivity B2[82I83] |n contrast, in jaw deviation dystonia, the muscle on the contralateral side of the
deviation exhibits abnormal contractions BUB2E3] |n the most severe cases, the temporomandibular joint is dislocated 12!
(321 The recommended target muscles and doses of BoNT for jaw opening, jaw deviation, and jaw protrusion dystonia 23!

[32)[501(82][83] 5re summarized in Table 2.

Table 2. Recommended muscles and doses of BoNT (onabotulinumtoxinA: Botox®) for jaw opening, deviation, and
protrusion dystonia [23132I501[82][83]



Main muscles
Subtypes Additional muscles [Doses (units)]
[Doses (units)]

Anterior digastric (5- Insufficient cases only for lateral
10) pterygoid
Jaw opening
Bilateral lateral pterygoid (10-50) | ith . K .
dystonia Platysma (10-20) With anterior neck tension

Genioglossus (10-20)  With tongue protrusion

Ipsilateral posterior Insufficient cases only for lateral

Jaw deviation oo iralateral lateral pterygoid (10-  temporalis (10-20) pterygoid
dystonia 50)
Platysma (10-20) With anterior neck tension
Jaw Anterior digastric (5- Insufficient cases only for lateral
. 10) pterygoid
protrusion Bilateral lateral pterygoid (10-40)
dystonia

Platysma (10-20) With anterior neck tension

onabotulinumtoxinA:incobotulinumtoxinA = 1:1; onabotulinumtoxinA:abobotulinumtoxinA = 1:2.5 [EZ2]
3.2.1. Lateral Pterygoid Muscle

The lateral (external) pterygoid muscle is a two-headed muscle comprising a superior (upper) and an inferior (lower) head
[501[82](83] A5 the bilateral inferior heads contract, the condyle is pulled forward and slightly downward. If the muscle is only
activated on one side, the inferior jaw rotates around a vertical axis that runs through the contralateral condyle, and it is
pulled medially to the contralateral side U823l The superior and inferior heads are activated alternately during chewing,

such that the inferior head contracts during mouth opening while the superior head relaxes. Upon closing of the mouth,
the actions are reversed BUB2IE3]B4][85]

The maxillary artery arises behind the neck of the mandible and is initially embedded in the parotid gland BAE2ES] Known
anatomical differences exist between Japanese and Caucasian populations in the course of the maxillary artery in relation
to the lateral pterygoid muscle (2282183 |n 92 794 of Japanese individuals, the maxillary artery runs laterally to the lower
head [2[82I83] However, in Caucasians, the artery more often runs medially to the muscle (38%) BB |njyry to the
maxillary artery during needle insertion can result in arterial bleeding, swelling, and bruising. Both intraoral and extraoral
methods are available for BoNT injection; when injecting into the lateral pterygoid muscle, medical practitioners must be
aware of these anatomical differences (Figure 3) [2[82](83]

The extraoral injection is easy to administer; however, BoNT can only be injected in a limited area BY[E2E3] Fyrther, a risk
of mouth dryness exists 22l In contrast, the intraoral injection can be applied directly into the region with muscle tension
with EMG monitoring. With the intraoral method, the needle is inserted 20-30 mm into the inferior head of the mucobuccal
fold next to the upper second molar 29823l The angle of needle insertion is 30° upwards against the occlusal surface
and 20° inwards against the sagittal plane (Figure 3). BoNT is injected in 10-50 units, depending on the condition. With
the extraoral method, after palpating the infratemporal fossa, the needle can be inserted perpendicular to the skin, 20-30
mm deep through the notch in the mandible (Figure 3) [BA[821(83]

Computer-aided design and manufacturing process was used to develop a needle guide to reliably administer BONT into
the inferior head of the lateral pterygoid muscle 58283 Computed tomography and scan data of the upper jaw model
are transferred to a computer and the two most suitable points on the lower head are determined BY. The needle guide is
subsequently mounted in the oral cavity and the needle is inserted to the planned depth. Experiments showed that the
needle was easily inserted without any complications in all the procedures 59,



Figure 3. Injection methods for the lateral pterygoid muscle; intraoral approach (blue arrow) and extraoral oral approach
(red arrow) [23I[321[501(82](83],

3.2.2. Digastric Muscle

The digastric muscle comprises two muscle bellies (anterior and posterior) connected by an intermediate tendon 23, The
anterior belly of the digastric muscle acts in the early phase of opening the mouth by lowering the chin 483l |njection into
the anterior belly can cause dysphagia and should be carefully monitored. BoNT is injected in 510 units 23], Patients with
OMD or bruxism have often reported tenderness in the posterior belly of the digastric muscle. If the patients have
tenderness in the muscle, the muscle can be easily palpable. Because blood vessels and nerves run nearby,
approximately 2.5-5 units of BoNT should be carefully injected under EMG guidance 231,

3.2.3. Temporalis Muscle and Platysma

If the effect of BONT injections not satisfactory for patients with jaw deviation dystonia, BoNT (10-20 units) should be
injected into the posterior fiber of the ipsilateral temporalis muscle. In some patients with jaw opening dystonia, the
platysma may become hyperactive and require injection (10—20 units).

3.3. Lingual dystonia

Lingual (tongue) dystonia is characterized by involuntary, often task-specific contractions of the tongue muscle 8], Lingual
dystonia was found in 25.5% of patients with OMD 29, Lingual dystonia is divided into four subtypes: protrusion,
retraction, laterotrusion, and curling (53],

The tongue comprises four extrinsic (genioglossus, hyoglossus, styloglossus, palatoglossus muscles) and four intrinsic
(superior longitudinal, inferior longitudinal, transverse, vertical muscles) muscles B3l&7, The extrinsic muscles control
tongue position, while the intrinsic muscles control tongue shape B387 Although serious complications of BoNT injection,
including life-threatening dysphagia, aspiration pneumonia, and breathing difficulties were reported in previous studies 88l
89 the therapy has been recognized as a promising option in recent years [231201[31]



The subjective improvement after the injection of BONT was 77.6% in 136 patients with lingual dystonia B3, The greatest
improvement was seen for curling type dystonia (81.9%), whereas the retraction type exhibited the lowest improvement
rate (67.9%) 531, Mild dysphagia occurred in 12.5% of the patients; however, this resolved spontaneously within a few
days to two weeks. No serious side effects were observed 3l Lingual dystonia is often accompanied by jaw opening
dystonia. For such patients, injection into the lateral pterygoid muscle is necessary 23, The recommended target muscles
and doses of BoNT for lingual dystonia [23153182] gre summarized in Table 3.

Table 3. Recommended muscles and doses of BoNT (onabotulinumtoxinA: Botox®) for lingual dystonia [231[531(82]

Doses Main muscles -
Subtypes . Additional muscles
[units] [Doses (units)]

Ipsilateral superior and inferior
longitudinal (0-50%)

With laterotrusion

Bilateral superior longitudinal (0-

With curling
50%)
. Bilateral genioglossus
Protrusion type 15-60 ) ) ) .
(50-100% of total dose) Bilateral vertical (0-50%) With flattening
Bilateral transverse (0-50%) With elongation

Bilateral lateral pterygoid (O-
prerygoid ( With jaw opening

50%)
. Bilateral genioglossus Intrinsic and geniohyoid (30- Insufficient cases only
Retraction type 15-50 .
(30-70% of total dose) 70%) for genioglossus
. Ipsilateral superior and ) Insufficient cases only
Laterotrusion ] ] o Contralateral genioglossus (0- ]
) 10-40 inferior longitudinal (70- 30%) for superior and
e
yp 100% of total dose) ° inferior longitudinal
Bilateral superior
Curling type 10-40 longitudinal (80-100% of Bilateral genioglossus (0-20%) With protrusion

total dose)

onabotulinumtoxinA:incobotulinumtoxinA = 1:1; onabotulinumtoxinA:abobotulinumtoxinA = 1:2.5 [EZ2]
3.3.1. Genioglossus and Other Tongue Muscles

The genioglossus muscle is the dominant muscle for tongue protrusion B4, BoNT injection into the lingual muscle
occasionally causes life-threatening complications, such as serious dysphagia 8, aspiration pneumonia &, and
swallowing or breathing difficulties 9. Investigators have reported various methods for BoNT injection, primarily the

submandibular approach [B3E8IEAS0NIS2NN4]  \with intraoral approaches also reported 92l In the submandibular
method, injection is performed in one or two sites, bilaterally.

A more detailed injection method for the four subtypes of lingual dystonia has been described depending on the direction
of the tongue deviation 3821, The dose of BoNT therapy should be started at 10—20 units and gradually increase to 40—
50 units corresponding to patient symptoms 2382 The appropriate doses of BoNT (15-60 units) is then determined
based on EMG examination and patient symptoms (Table 3).

For protrusion type dystonia, approximately 50-100% of the total doses are injected into the bilateral genioglossus
percutaneously through the submandibular region. The insertion points are defined as two sites 25—-30 mm posterior from
the midline of the body of the mandible and 15-20 mm apart from each other (Figure 4A) 53, If tongue protrusion occurs
while simultaneously curling up or down, the remaining doses are injected into the superior longitudinal muscle (5-mm



depth; injection to counteract tongue protrusion) or into the inferior longitudinal muscle (10-15 mm depth; injection to
counteract curling) B3 If laterotrusion occurs with protrusion, BoNT is administered into the superior and inferior
longitudinal muscles on the deviated side (Figure 4B) 23], If the tongue shows flattening or narrowing, the remaining
BoNT is injected into the bilateral vertical muscle (10 mm in depth; to counteract protrusion) and the bilateral transverse
muscle (10 mm in depth; to counteract curling) (231,

For retraction type dystonia, target muscles are identified after careful EMG examination. These include a wide range of
tongue muscles that may undergo contraction, such as the genioglossus, intrinsic muscles, geniohyoid, and hyoglossus
(531 Appropriate doses of BoNT are in the range of 15-50 units (Table 3).

For laterotrusion type dystonia, the appropriate dose of BoNT is between 10-40 units (Table 3). BoNT is injected into the
superior (5 mm in depth) and inferior (10-15 mm in depth) longitudinal muscles on the deviated side (Figure 4B) 53, The
inferior longitudinal muscle is more accessible from the inferior aspect of the tongue (5 mm in depth) than from the
dorsum. If the genioglossus on the opposite side exhibits EMG activity, an additional injection is administered 53!,

For curling type dystonia, the appropriate dose of BONT is between 10 and 40 units (Table 3). The toxin is injected
bilaterally at two or three sites from the dorsum of the tongue, approximately 5 mm in depth, into the superior longitudinal
muscle (Figure 4B) 153, BoNT is injected into the superior longitudinal muscle near the apex if curling up of the apex
occurs (Figure 4B).

Figure 4. Submandibular sites of BONT injection for lingual dystonia (A). Intraoral sites for BoNT injection (B); for
protrusion type (@-@), laterotrusion type [right deviation (@, ©), left deviation (@, @)], and curling type (@-@) [231531(82]

3.4. Lip dystonia

Lip dystonia was observed in 3.6% of the reported OMD cases 2. The orbicularis oris muscle is a sphincter that
surrounds the oral orifice. According to the symptoms, BoNT should be injected into the orbicularis oris, risorius,
depressor anguli oris, depressor labii inferioris, mentalis, and platysma. Since the fibers of the orbicularis oris muscle
close to the orifice are responsible for pursing the lips, and the fibers distant from the orifice press the lips against the
teeth B4, the dose and site should be adjusted according to the symptoms 23], The dose of BoNT should be low (2.5-5
units) because of risk of the labial incompetence and asymmetric smile.

Lip dystonia, especially unilateral traction, can occur with functional involuntary movements 28l Functional movement
disorders often show distinguishable clinical features in the orofacial area. Treatment with BoNT is effective in some
cases, but complete treatment often requires psychotherapy or physiotherapy 28!,

3.5. Pitfalls

The largest clinical pitfall of OMD treatment seems to be a misdiagnosis. Most patients with OMD see a dentist or oral
surgeon and are diagnosed with bruxism, temporomandibular disorders, and/or psychiatric disorders 2943 OMD is
considered a blind spot between medical science and dentistry 29, Neurologists may diagnose temporomandibular
disorder as OMD, (i.e., bruxism as jaw closing dystonia, and anterior disc displacement without reduction as jaw deviation
dystonia) 22, The knowledge and experience of both neurology and dental medicine are needed for proper diagnosis of



OMD from temporomandibular disorders, but these two perspectives are nearly impossible to obtain simultaneously.
Therefore, a simple diagnostic tool was developed to enable primary care physicians, neurologists, dentists, and oral
surgeons to differentiate OMD from temporomandibular disorder and to initiate appropriate treatments rapidly 22,

A subsequent pitfall of BoNT treatment is the method of injection into the masticatory muscles. Dressler et al. [63]
described in their consensus guidelines, “The Mm. pterygoidei can easily be injected through the incisura mandibulae.
EMG requiring thick combination needles seems unnecessary as dystonic involvement is usually affecting both, the lateral
and the medial pterygoid muscles.” Nevertheless, it is risky to inject BoNT into the lateral and medial pterygoid muscles
without EMG guidance BQB2I83] The |ateral pterygoid muscle should be injected in jaw opening dystonia BYE2IE3] |n
contrast, the medial pterygoid muscle should be injected for patients with jaw closing dystonia LA25I55182] |f BoNT is
erroneously injected into the lateral pterygoid muscle for jaw closing dystonia, or into the medial pterygoid muscle for jaw
opening dystonia, adverse effects are expected. Because the needle is inserted at the notch by percutaneous lateral
pterygoid muscle injection, penetrating the parotid gland, mouth dryness may occur due to the spread of BoNT 23], Most
OMD specialists recommend an intraoral approach [26IL71[251[32][50][55]

In a systematic review 28 involving 387 patients with OMD treated with BoNT, 27.1% of the patients had side effects,
most frequently dysphagia. Previously reported adverse effects of BoNT include temporary regional weakness,
tenderness over the injection sites, minor discomfort during chewing, asymmetric smile, loss of smile, lip numbness,
muscle atrophy, paresthesia, difficulty in swallowing, mouth dryness, speech changes, nasal speech, headache,
hematoma, nasal regurgitation, swelling, bruising, facial asymmetry, transient edema, itching, and pain at the injection

area U487 Most of these effects were observed to be transient and spontaneously disappeared. Moreover,
the majority of these side effects are thought to be related to the injection technique and avoided by accurate knowledge
of the local anatomy of muscles, nerves, and other tissues, and accurate injection procedures. The more accurately BONT
is administered into the target muscles, the more likely the improvement in patient symptoms, and the lower the risk of
complications BABABIIIT - Empirical differences in injection techniques may be associated with adverse effects [ZZ,

Selected dose should be as high as necessary, but as low as possible.

Several authors have reported changes in the mandibular bone after BoNT injections 28891 |n contrast, a retrospective
study in adult women with masseter hypertrophy found no significant change in whole mandible volume or in cortical
thickness of the mandibular ramus three months after BoNT therapy in the masseter muscles 199, Changes in bone after
BoNT therefore may not be an adverse effect, but a normal physiological response related to corrected occlusal force 4,
Injection with BONT improves the excessive tension of the jaw elevator muscles and allows the hypertrophied muscles
and bones to return to their original shape 4,

Because the symptoms of OMD can vary from patient to patient, it is difficult to objectively measure disease severity and
changes after treatment 22, In 2002, 44 patients with OMD were evaluated before and after muscle afferent block therapy
using a simple clinical scoring system according to subscores for pain, mastication, speech, and discomfort [¢4. In 2010,
Merz et al. 22 developed and validated the Oromandibular Dystonia Questionnaire. Recently, a comprehensive
measurement tool for OMD, the ‘Oromandibular Dystonia Rating Scale’ was developed and validated 22, The scale can
be useful for the comprehensive evaluation of severity, disability, psychosocial functioning, and impact on the quality of life
as well as therapeutic changes in patients with OMD [22],

| 4. Reported Trials — Evidence-Based Medicine

In a double-blind, placebo-controlled study of BONT treatment for cranial-cervical dystonia in 10 patients with
oromandibular-cervical dystonia, only 37.5% of patients reported improved symptoms 9. However, the low number of
participants and combined phenotype of cervical dystonia and OMD in this research limit the conclusions [&. Tan and
Jankovic 4 studied 162 patients with OMD for approximately 10 years. BoNT was administered in the submentalis
muscle complex of patients with jaw opening dystonia, and in the masseter muscles patients with jaw clenching with or
without bruxism. A total of 31.5% of patients experienced adverse effects (dysphagia, 10.2%; dysarthria, 0.9%) 4. A
retrospective chart review included 59 patients with OMD (jaw closing, 47.5%; jaw opening, 35.6%; and jaw deviation,
16.9%) 17, Bakke et al. 18] reported functional and clinical characteristics in 21 patients with OMD. Fourteen patients
received BoNT for OMD for 8-10 years, and 9 of 14 patients continued with BoNT therapy 2. Intraoral BoNT injection
into the lateral pterygoid muscle in six of the eight patients with OMD led to significant symptom improvement, and only
one patient experienced nasal speech 28],

More recently, a pilot single-blind study was published evaluating BoNT dosing and efficacy in 18 patients with OMD (jaw
opening, 9; jaw closing, 3; intermixed tongue protrusion, 6) . In an initial dose-finding phase, three subjects were
injected with BoNT in prespecified fixed doses 23 assigned to each of the identified target muscles (anterior digastric,



genioglossus, masseter, medial pterygoid, and lateral pterygoid muscles). Two of the three patients experienced mild
adverse effects even at these doses, so no further dose escalation was performed, and the low dose scheme was used
for a subsequent single injection session. All patients received injections tailored to their symptoms using fixed doses of
7.5 to 50 units BoNT in muscles selected from the same set used in phase 1 £5. Efficacy parameters, including the
jaw/tongue portions of the Global Dystonia Severity Rating Scale and Unified Dystonia Rating Scale, showed significant
improvements compared to baseline levels at 6 and 12 weeks in unblinded ratings, but not in blinded video assessments.
Measures of quality of life and speech in addition to the Clinical Global Impression improvement and severity also
significantly improved. A total of nine patients experienced mild to moderate side effects, most commonly dysphagia. Five
patients received injections for lingual dystonia; four patients developed dysphagia. Subsequent dosing of the
genioglossus muscle was decreased from 15 units to 7.5 units 23],

In a retrospective study of 172 patients with lingual dystonia, BONT was administered to 136 patients, most of whom noted
a marked improvement in mastication, pain, and phonation £3l. Transient trouble with swallowing occurred in 12.5% of
patients. In another study, 50 units of BONT injected into each genioglossus muscle was effective in treating lingual-
dystonia-related tardive dyskinesia 24, In a study of 30 patients with lingual dystonia who participated in a survey of
quality of life evaluated by the OMD questionnaire-25, average scores dropped from 46.8 to 38.2 after BoNT therapy [24.
Dysphagia occurred in 16.7% of patients. A retrospective chart review reported 17 patients with lingual dystonia, and nine
of the patients had received BONT injections; 55.6% reported symptom improvement, but one patient developed
dysphagia requiring gastrostomy tube placement 29,

The comparisons of total Oromandibular Dystonia Rating Scale scores before and after BoNT therapy in 92 patients
revealed a significant decrease after treatment (135.3 vs. 55.2) 22, Symptoms improved significantly from the baseline to
four weeks after BoNT therapy in all Oromandibular Dystonia Rating Scale subscales, including examiner- (severity,
disability, and pain) and patient-rated parameters (general, eating, speech, cosmetic, social/family life, sleep, annoyance,
mood, psychosocial functioning) 2. Comella 28 performed a systematic review of BoNT in OMD and concluded that
BoNT may be the most effective treatment available, improving movement and quality of life in patients with OMD.

| 5. Practical Guidelines for Treatment

OMD was not addressed in the 2008 American Academy of Neurology guidelines, and evidence for its treatment with
BoNT comes primarily from open-label case series, observational studies, and retrospective chart reviews 192, |n 2016,
the American Academy of Neurology published practice guidelines for BoNT administration in the treatment of
blepharospasm, cervical dystonia, adult spasticity, and headache 123, However, OMD was not included in the guideline.
In 2011, the European Federation of the Neurological Societies guidelines on the diagnosis and treatment of primary
dystonia were published and included recommendations and good practice points regarding BoNT treatment of focal
dystonia %4, The guidelines present level A evidence for the use of BoNT as a first-line treatment for primary cranial or
cervical dystonia, but OMD was excluded 2. A guideline is usually produced after the careful evaluation of previously
reported studies by experts in the field. Therefore, the guidelines both in 2008 and 2016 were unable to address OMD.

Although few well-designed trial data exist, BONT injections are considered the preferred treatment for OMD by several
investigators 25261531 |n 2021, Dressler et al. 83! reported consensus guidelines for BoNT therapy, including general
algorithms and dosing tables for dystonia and spasticity. These guidelines also addressed OMD, despite the lack of
evidence. However, the authors made no distinction between the lateral pterygoid and the medial pterygoid muscles

without EMG guidance, and the present method differs completely from the well-recognized methods used by other OMD
specialists [L7[25][32][55][82](83]

Treatment algorithms or treatment strategies for OMD have been reported. Sinclair et al. 17 reported a treatment
algorithm for OMD, and Bakke et al. 22! presented clinical strategies for BoNT injection in the oromandibular region. More
recently, Yoshida reported therapeutic strategies for OMD, including medication, muscle afferent block therapy, splint
therapy, BoNT therapy, and surgery 1231831,

Moreover, a clinical practice statement has been released by the American Academy of Oral Medicine, encouraging the
identification and referral of patients with suspected OMD to the appropriate oral and/or medical health provider for further
evaluation and management 1051,

In clinical practice, an experienced clinician would select target muscles and injection sites and determine the dose and
allocation for each BoNT injection, corresponding to patient satisfaction and results of palpation and EMG measurements
[23][77)(82]I83]  The dosing of BoNT should be limited to the necessary minimum amount to minimize the risk of adverse



effects and cost and to prevent antibody development. Personalized adjustment of target muscles, sites, and doses will
result in much better outcomes than standard methods without individualized planning [23IZ7182][83]

| 6. Proposals for Research and Future Studies

In the future, 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,
definite indications, and establishment of a protocol for BONT therapy. However, the presence of disabilities in patients
with OMD places constraints on traditional placebo-control trial design 2. As patients seeking with OMD specialists visit
from very long distances with very high expectations, making a control group ethically difficult to set L4,

It is important to differentially diagnose patients for BONT injection. Because BONT is expensive, it is crucial to predict and
exclude non-responders for economic reasons 4. Discrepant results and adverse effects seen in previous studies may
have been related to the injection techniques. Experienced clinicians should inject BONT at an adequate, personalized
dose for each patient. Further, clinicians should comprehensively evaluate disease severity, disability, psychosocial
functioning, and impact on the quality of life using the recently developed OMD rating scale (221,

The approaches to OMD treatment should be taken seriously not only by neurologists or neurosurgeons but also by oral
and maxillofacial surgeons or dentists. Patients with OMD have been successfully treated with BoNT. However, those with
severe trismus related to this disease, or for whom treatment with BoNT injections, muscle afferent block therapy, or
sensory trick splint 88 was insufficient, successfully underwent coronoidotomy [E8IEAZ0 Although a large number of
patients worldwide wish to visit the researchers' department, only a few can actually make the visit. In reality, it costs an
enormous amount of money and only a few wealthy patients can afford it 9. Furthermore, overseas travel was prohibited
due to coronavirus disease 2019 restrictions, making it impossible to receive medical examinations from abroad.
Telemedicine is one of the solutions for treatment accessibility problems 49, After the direct import and fusion of patient
computed tomography scans with a plaster cast model of the maxilla, the optimal needle insertion site over the lateral
pterygoid muscle can be determined using software BY. Such data can be transmitted over the internet from anywhere in
the world. As 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 should be applied in response to the
demands of overseas patients with OMD.
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