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INTRODUCTION

Therapeutic indications for the use of botuli-
num neurotoxins (BoNT) in movement disor-
ders have steadily expanded since the first
introduction in patients with dystonia in the
1980s.1 The possibility of treating patients
with hemifacial spasm (HFS) was identified
early,2 whereas the indications for tremors3

and spasmodic dysphonia (SD)4 were pro-
posed later. BoNT treatment was also later
proposed for the treatment of eyelid tics, usu-
ally manifested by bursts of blinking but, in
some cases, becoming more sustained, resem-
bling blepharospasm.5 With the exception of
HFS, the indications reviewed in the present
chapter have remained outside the mainstream
of BoNT use, partly because of the limited
number of patients affected, difficulty and risk
in performing the treatment (as in the case of
SD, particularly of the abductor type), and
uncertain outcomes (as in the case of tremors).

HEMIFACIAL SPASM

HFS typically presents with unilateral, involun-
tary, intermittent and irregular clonic or tonic
contractions of the cranial muscles supplied by
the facial nerve.6 HFS is a sporadic disorder in
most cases, but it can occasionally occur as a
familial disorder. The twitching movements
usually start in the orbicularis oculi, initially

involving the lower eyelid, gradually spreading
to other ipsilateral facial muscles, frequently
involving also the frontalis muscle, producing
the ‘‘other Babinski sign’’ manifested by ipsilat-
eral eye brow elevation.7 HFS spasm may also
spread to involve the platysma. HFS is a
chronic disorder, affecting women more
than men.8 It is frequently attributed to the
compression of the facial nerve at the root
exit zone by an ectopic anatomic or pathologic
structure. resulting in axono-axonal ‘‘ephaptic’’
transmission and increased excitability of the
facial motor nucleus.8 Peripheral facial nerve
injury or antecedent Bell palsy can also precede
HFS; in such cases, the HFS often coexist with a
mild ipsilateral facial weakness and synkine-
sis.9 Patients without an history of Bell palsy
may still have abnormal electromyographic
(EMG) findings suggesting a preceding facial
nerve damage and subsequent pathologic
regeneration.8 HFS is unilateral in most cases
but may rarely occur bilaterally.10 In our
experience, of 296 patients with HFS, two
presented with a bilateral form, in which the
two sides contracted asynchronously, but
otherwise the HFS was typical without evidence
of blepharospasm.

Treatment Options

HFS may have a severe impact on the patient’s
appearance and causes social embarrassment.
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Because it persists during sleep, it may lead to
insomnia. Because spontaneous remissions are
infrequent,11 most patients need to be treated
for many years, if not over their entire lifetime.
Treatment options aim at reducing or stopping
muscular twitches, and include BoNT injec-
tions, medications, neurosurgery and more
recently, doxorubicin chemomyectomy.

Medications are often ineffective in the long-
term management of HFS, although they may
provide transient relief. Many drugs have been
used, usually without substantial benefit. These
include carbamazepine, a membrane-stabiliz-
ing drug that has been reported to alleviate
HFS in approximately 50% of patients.12 In
addition, baclofen, clonazepam, phenytoin,
orphenadrine, felbamate, gabapentin, latano-
prost (a prostaglandin derivative), and leveti-
racetam have been reported to provide at least
transient or mild symptom relief.

Surgical approach, using microvascular
decompression, consists of placing surgical
gauze or some other barrier, such as surgical
or fibrin glue, between the facial nerve and
the compressing vessel.13,14 The success rate
of microvascular decompression is high
(from 88% to 97%), but symptoms recur in
as many as 25% of patients within 2 years
after the surgery.15 Furthermore, complications
occur in more than 20% of the patients, and
sometimes are severe (e.g., permanent deafness
or facial palsy).16 In the majority of cases, there
is a durable resolution of HFS for up to
17 years, supporting the indication for surgery
in younger patients.17-20

Chemical myectomy or facial nerve block
with doxorubicin is a possible alternative; the
results reported so far are promising, and the
most frequent adverse events consist in skin
inflammation.21,22

During the last 2 decades, BoNT treatment
has emerged as the first-choice option for
HFS.23,24 Two randomized controlled
trials25,26 and more than 30 open-label studies,
encompassing more than 2200 patients, have
been published. The majority of these studies
report on small series of patients, but several
long-term observations of large cohorts con-
firm the safety and efficacy of this treat-
ment.11,23,27-32 A recent evidence-based review
by the Therapeutics and Technology
Assessment Subcommittee of the American
Academy of Neurology concluded that ‘‘BoNT
is possibly effective with minimal side effects
for the treatment of HFS (one Class II and
one Class III study). Botox� and Dysport�,
after dosage adjustment, are possibly

equivalent in efficacy (one Class II study)’’
and recommended BoNT injection as a treat-
ment option for HFS (Level C).33

Botulinum Neurotoxin Treatment

BoNT injections are performed with the patient
lying supine. The toxin is diluted to a mini-
mum concentration of 10 to 25 Botox U/mL
(Allergan, Irvine, CA), 50 to 100 U/mL
Dysport (Ipsen, Milford, MA), or 5000 to
10,000 U/mL Neurobloc/Myobloc (Solstice
Neurosciences, Malvern, PA) to minimize dif-
fusion. The injections are performed using a 1-
mL syringe with a 30-gauge needle. BoNT injec-
tions are placed subcutaneously because the
orbicularis oculi, which is a superficial
muscle, is easily reached by the local diffusion.
EMG guidance is not necessary. The injections
are placed in proximity of the pretarsal portion
of the orbicularis oculi muscle, divided in two
to three sites; most commonly the injection
sites are close to the medial and lateral epi-
canthi in the upper and lower eyelids, close
to the orbital rim. The orbicularis oculi has
two anatomic-functional divisions (Fig. 10-1):
the palpebral portion that closes the eyelids
and the orbital portion that squeezes the eyes
shut. The palpebral portion is further subdi-
vided in two parts: the preseptal and the pre-
tarsal regions. It has been reported that ptosis is
less frequent when BoNT is injected into the
lateral portion of the pretarsal orbicularis
oculi, and occurs more frequently when injec-
tions are performed into the preseptal or orbi-
tal divisions.29,34

The sites of injection are determined by the
observation of the involuntary twitches, which
can be triggered by instructing the patient to
contract their muscles while smiling or pursing
their lips. Usually, in the first treatment session,
only the periocular regions are injected. Later, if
required, additional sites are treated to control
the spread of contractions: the medial eyebrow,
the procerus, the corrugator, the frontalis
muscle, or the paranasal portion of the zygo-
maticus major muscle. When HFS involves the
lower face, at least in the first treatment session,
BoNT injections are placed only in the upper
face, because it has been recognized that this
may be sufficient to control lower facial
spasms.11,23 However, if lower facial muscles
are particularly active or if there is residual
mouth contraction following periocular treat-
ment, targeting the orbicularis oris, the levator
angularis, risorius, buccinator, or depressor
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anguli oris may be considered, but only very
small dosages should be used because injec-
tions into these areas can markedly distort
facial expression, particularly when BoNT dif-
fuses into the lips. The platysma muscles may
also need to be injected if the HFS involves that
part of the neck. The unaffected side of the face,
mostly around the eye, may also require low
doses of BoNT in order to avoid the appearance
of asymmetric expressive facial lines.

The average dose used varies from 10 to 46
Botox U,23,35 from 53 to 160 Dysport U,36 or
from 1250 to 9000 Myobloc/NeuroBloc U37,38

(Table 10-1). Several reports indicate a lack of

correlation between the total dose injected
and clinical outcome: the doses used in the
‘‘low-dose’’ Dysport protocol did not differ
from standard dosages39; furthermore, no sig-
nificant difference in the response rate and
duration of improvement were found in
patients receiving 15 or 25 Botox U.40 Similar
discrepancies were reported also by others.41

In another paradigm, Botox doses were
increased to provide a sustained effect with
subsequent treatments.31,32 Alternatively, a
slight, albeit not significant (from 17.5 to
15.9 Botox U) dose reduction was reported
after 10 years.30 In two studies using Dysport,
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FIGURE 10-1. A number of facial

muscles can be targeted with

BoNT injections to reduce involun-

tary facial movements. Usually the

muscles involved in the predomi-

nant involuntary movement are

targeted during the first treatment

session. The treatment can be

refined and expanded in further

sessions.

TABLE 10-1 Suggested Doses for the Treatment of Hemifacial Spasm36

Drug
Name

Orbicularis
Oculi Frontalis Corrugator

Zygomaticus
Major Buccinator

Depressor
Angolaris
Oris

Botox U 15–20 10 1 1 2 1

Dysport U 45–60 30 3 3 6 3

Myobloc/
NeuroBloc
U

1000 500 50 50 100 50
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a dose reduction was observed after the seventh
consecutive treatment29 and a 25% reduction
was reported after 5 years.39

In patients with HFS, improvement occurs
soon after the first treatment,39 with a latency
varying from 2.642 to 5.4 days.8 The clinical
benefit generally lasts longer than in patients
treated with BoNT for focal dystonia despite
the use of smaller doses.31,35,42-44 This longer
lasting improvement may be due to a subclin-
ical denervation present in HFS.

The success rate of BoNT treatment has been
estimatedto be between 75%28 and 100%,23,45

with a truly reliable estimate around 95%, as
reported in two long-term studies.30,31 Patients
with HFS have the lowest incidence of resis-
tance to treatment, probably due to the low
dosages used.46 No secondary failures were
reported in one series,47 and an incidence
of 0.9% per year was reported in another
series31; furthermore, no evidence of immu-
noresistance was reported in a series of
110 patients.8 Primary failures were estimated
to be 0.02%29 or 1.4% per year,31 the lowest
among different movement disorders treated
with BoNT.

The mean duration of benefit was estimated
between 7548 and 196 days,49 with a mean
duration of approximately 90 days; this may
increase,30,32,50 decrease41 or remain
unchanged27,29,43,47,51 with repeated treat-
ments. It has been hypothesized that disuse
atrophy may occur in the facial muscles with
repeated BoNT injections; but histologic stu-
dies failed to provide evidence to support this
possibility.52

Spontaneous prolonged remissions (up to
10 years) have been reported in a small
number of patients treated with BoNT: 3% of
patients in two series,30,40 4% in another.11

These remissions occurred after a variable
number of treatment sessions (from 1 to 6).

Side effects occur in approximately 30% of
patients and consist of erythema or ecchymosis
of the injected region, dry eyes, mouth droop,
ptosis, edema, or facial weakness. These com-
plications are transient and usually resolve
within 1 to 4 weeks. Earlier studies reported a
high frequency of ptosis (up to 53%) with an
overall mean of approximately 12%,43,51,53

likely due to diffusion of the toxin to the leva-
tor palpebrae superioris muscle. Mild symp-
toms of exposure keratitis (lacrimation and
irritation of conjunctiva, occurring respectively
in 3.6% and 2.3% of all treatments) are pre-
sumably an aftermath of decreased blink rate
and incomplete eye closure from a partial

paralysis of the orbicularis oculi muscles. In
several series, the most frequently reported
side effect was facial weakness, involving
75%,48 95%,40 or 97% of cases.26 Facial weak-
ness is more common when BoNT injections
are placed in mid and low facial sites.54 In a
published series on blepharospasm,43 11.6%
of the patients with facial weakness had
received injections in the lower face, whereas
a negligible portion of patients treated in the
orbicularis oculi muscle had this complication.
Because most patients report marked improve-
ment of peribuccal spasms even when lower
facial muscles are not directly injected,44,47

which is probably due to local diffusion of
the drug, caution must be taken before inject-
ing these sites. A positive correlation between
dose and occurrence of side effects has been
reported.30,39,40

In our series of 665 BoNT treatments in 108
patients with HFS over the past 10 years, an
average of 6.2 ± 5.5 (1–30) injections were per-
formed in each patient. Botox was injected in
492 occasions and Dysport in 173 (unpub-
lished data). The patients had a mean disease
duration of 7.9 ± 5.4 years (1–26 years) with a
mean follow up of 4.7 ± 3.0 years (0–11 years).
At the last medical evaluation, the mean age of
patients was 65.4 ± 14 years (29–92 years).
The mean dose used per session was 11.2 ±
4.9 Botox U (1–50 U) and 46.5 ± 18.9
Dysport U (8–130 U). The analysis of repeated
consecutive treatment revealed an increase of
dose for either Botox (b = 0.35, P < 0.001)
or Dysport (b = 0.16, not significant [n.s.]).
Mean latency of clinical effect after the injec-
tion was 5.4 ± 5.3 days (0–40 days) for Botox
and 4.9 ± 4.6 days (0–30 days) for Dysport,
with no between-treatment differences. The
duration of effect was longer for Dysport than
for Botox: 105.9 ± 54.2 days (0–480 days)
compared with 85.4 ± 41.6 days (0–330 days;
P< 0.001). With repeated treatments, the
duration of clinical benefit slightly increased
with Botox (b = 0.12; P < 0.01), but remained
constant for Dysport (Fig. 10-2).

A successful outcome was reported in 94%
of treatment sessions (93.5% with Botox,
95.4% with Dysport, n.s.). There were no
cases of primary or secondary resistance to
BoNT. Side effects occurred in 116 of 665 ses-
sions (17.4%), with comparable incidence with
the two toxins. The most common side
effects were palpebral ptosis and lacrimation.
No correlation was found between the dose in-
jected and the occurrence of side effects, either
with Botox or with Dysport. No patient
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discontinued treatment because of side effects,
suggesting that the treatment was well
tolerated.

New Botulinum Toxins

A new BoNT/A has been recently introduced in
China (Prosigne, Lanzhou Institute of
Biological Products, Shanghai, China), but the
experience with this product is still limited. Its
equivalency in terms of efficacy and safety with
Botox has been suggested by a retrospective
clinical study55 and in a double-blind crossover
trial in which 18 patients with HFS were
randomized to Botox or Prosigne at a ratio of
1:1.56 No data is currently available on the
efficacy of Xeomin in HFS, but a controlled
study is currently ongoing. BoNT/B has also
been used for the treatment of HFS: clinical
effects lasted about 8.5 weeks in the
two patients treated with Myobloc over six
sessions.37 BoNT/C has also proven efficacious
in two patients with HFS.57

SPASMODIC DYSPHONIA

SD is a focal laryngeal dystonia characterized
by action-induced spasms of the vocal folds,
which are normal at rest, but during phonation
develop contractions that cause abnormal
movements and muscle spasms and typically
result in dysphonia while speaking.58

Historically SD was wrongly called ‘‘spastic dys-
phonia’’ and considered a disorder of uncertain

origin, often classified as psychogenic in
nature. The dystonic nature of SD is suggested
by its frequent occurrence in patients with cra-
nial-cervical dystonia and by the improvement
with ‘‘sensory tricks’’ such as yawn, laugh,
cough, whisper, hum, or use of falsetto when
starting to speak or while singing. Patients
commonly report that their symptoms are
worse when they are under emotional stress
and are often better upon waking in the morn-
ing or after an alcoholic drink. Many can laugh
and sing normally and, if able to speak differ-
ent idioms, they find that their voice is better
when speaking one language versus another.
Symptoms usually worsen when the patients
speak on the telephone.

The categorization of SD as a form of focal,
laryngeal dystonia, was suggested by Marsden
and Sheehy, who noted that ‘‘all evidence
points to the conclusion that blepharospasm
and oromandibular dystonia seen in Meige dis-
ease is another manifestation of adult-onset
torsion dystonia, [and] since dysphonia may
occur in the same syndrome, it is quite likely
that dysphonia itself may be the sole manifes-
tation of dystonia.’’59 Later it was recognized
that the characteristics of ‘‘spastic dysphonia’’
were similar to the dysphonia found in some
patients with generalized and multifocal dysto-
nia, and the clinical and EMG features of these
patients revealed that most cases of dysphonia
clinically diagnosed as ‘‘spastic dysphonia’’
were in fact focal forms of cranial dystonia.60

Later, it became accepted that laryngeal dysto-
nia may occur as a focal form of dystonia or
in association with other affected sites in the
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context of a segmental or more widespread
dystonia.

Different types of SD have been recognized.
1. The adductor type is the most common

(more than 80% of cases published in
large series) and presents spasms of the
vocal muscle (thyroarytenoid muscle)
(Fig. 10-3). This causes a strain-strangled
voice that is harsh, often tremulous, with
inappropriate pitch or pitch breaks,
breathiness, and glottal fry. The intermit-
tent voice stoppage or breaks (phonatory
breaks) is due to overadduction of the
vocal folds, which results in a staccato-
like voice.

2. The abductor type is less common and is
due to involuntary spasms of the posterior
cricoarytenoid muscles (see Fig. 10-3),
causing a prolonged abduction of vocal
folds during voiceless consonants. This
produces a breathy, effortful, hypophonic
voice with abrupt termination of voicing,
or whispered speech.

3. The mixed adductor-abductor type pre-
sents with an admixture of breathy breaks
and tight harsh sounds.

It has been proposed that adductor and
abductor features coexist in all patients and
that the symptoms depend on whether there
is more adductor or abductor activity.61 Three
other clinical variants have been reported62:

1. The compensatory abductor dysphonia
is occasionally present in patients with
the adductor form of SD that produces
a breathy voice by whispering or not con-
tracting the vocal folds to prevent spasms
and broken speech patterns.

2. The compensatory adductor dysphonia
is much rarer, seen in patients with
abductor SD who try to prevent breathi-
ness by attempting to speak with their
vocal folds tightly contracted.

3. In adductor breathing dystonia, the
patients develop adductor spasms
during breathing, producing paradoxical
vocal fold motion.
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FIGURE 10-3. Anatomy of laryngeal muscles. Anterior view (left); posterior view (middle) and transverse section (right) of the

larynx at the level of the dotted line. The closed circles indicate the muscles injected with BoNT in different forms of spasmodic

dysphonia.
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Symptoms of SD develop gradually over
several months to years. SD typically affects
patients in their mid-40s and is more
common in women.63,64

Clinical and Instrumental
Evaluation

All patients with SD should undergo a detailed
head and neck examination, particularly focus-
ing on any presence of dystonia in the head or
neck.

The Unified Spasmodic Dysphonia Rating
Scale is a standardized, validated, vocal rating
scale that includes two sections, one for reading
and conversational speech and the other for
voice and speech tasks.65 Another scale,
the Global Rating Scale, has also been used to
evaluate voice function, scored as a percentage
of normal from 0 (maximum degree of impair-
ment) to 100% (normal voice).66

Fiber optic laryngoscopy and stroboscopy
allow to observe glottal function during
phonation and to look for disruptions,
spasms, breathy breaks, and tremor while the
patient speaks. These movements can be video
recorded and analyzed with slow speed and
stop-action. Such examination cannot be reli-
ably performed with indirect laryngoscopy,
because anterior tongue traction limits speak-
ing ability. Laryngostroboscopic examination
of vocal function during speech segments is
important for the diagnosis. The stroboscope
can help define the nature of the associated
tremor. Sometimes, a speech pathologist also
makes acoustic and aerodynamic measures to
evaluate for tremor, fundamental frequency,
pitch and amplitude perturbation, harshness,
fluency breaks, and breathiness. In patients
with abductor dysphonia, laryngostroboscopic
examination reveals a synchronous abduction
of the true vocal fold that causes an extremely
wide open glottic chink. Abductor spasms are
triggered by consonant sounds, particularly
when they are in the initial position in words.
Having a patient say ‘‘taxi’’ or ‘‘Harry’s hat’’ will
often lead to an abnormal breathy break in
speech. Laryngeal EMG helps evaluate tremor
and areas of hyperactivity.

Treatment Options

Speech therapy has limited benefit and does
not yield marked improvement in voice qual-
ity. When combined with BoNT, speech

therapy may be useful in developing coping
strategies treat the compensatory behaviors
superimposed on SD.67 Psychotherapy may
help patients manage the associated problems
with social interactions and other activities
requiring voice, which can be considerable,
and thereby minimize the stress-related deteri-
oration of voice. There is no evidence, however,
that psychotherapy or psychological interven-
tion can relieve the symptoms of SD.

Occasionally, the patients may improve with
benzodiazepines (i.e., clonazepam, lorazepam),
or with baclofen and those with superimposed
voice tremor may benefit from anticonvulsants
(i.e., gabapentin, primidone), or beta-
adrenergic antagonists (i.e., propranolol).

Until the introduction of BoNT, surgical
interventions have been the only truly effica-
cious options, but side effects and disappoint-
ing long-term results limited its applicability.68

Surgical interventions included unilateral
recurrent nerve resection, unilateral superior
laryngeal nerve resection, and anterior laryngo-
plasty. EMG and clinical evidence suggests that
recurrence of symptoms is due to reinnervation
following these surgical ablations. Recurrent
laryngeal nerve avulsion is a technique intro-
duced as a modification of standard nerve
section to prevent neural regrowth to the hemi-
paralyzed larynx and subsequent recurrence of
SD.69 An alternative surgical approach aimed at
preventing reinnervation is the selective section
of the distal branches of the recurrent nerve,
leading to the thyroarytenoid and sometimes
the lateral cricoarytenoid muscle, followed by
immediate reinnervation using a non laryngeal
nerve, generally the sternohyoid branch of the
ansa cervicalis.70,71 There are other variants of
these surgical procedures, including the use
of transoral bilateral laser myoneurectomy of
thyroarytenoid muscles.72

Notwithstanding all these surgical options,
BoNT is currently recognized as the first-
choice treatment for SD,73 and surgery is
recommended in cases in which BoNT is not
efficacious. There are also reports of patients
treated with both BoNT and surgery, in order
to obtain maximal benefit.74,75 A recent report,
however, suggests caution on the use of this
combined treatment.76

Botulinum Neurotoxin Treatment
The first BoNT treatment for SD was performed
in 1984 on a patient with adductor SD77;
patients with abductor SD were treated
starting from 1988.74 These observations were
later confirmed by a double-blind study.78
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A meta-analysis of 30 series (uncontrolled trials
in most cases) indicated a moderate overall
improvement of adductor dysphonia following
BoNT treatment.79 The Cochrane
Collaboration concluded that, although only
one double-blind trial was available, most stu-
dies reported comparable successful outcome
on the length of treatment effect, degree of
improvement, patient satisfaction, and
observed side effects.80 Furthermore, a system-
atic review on the diagnosis and treatment of
dystonia concluded that BoNT/A (or BoNT/B if
there is resistance to type A) are the first-line
treatment for SD.81 A recent evidence-based
review recommended BoNT as a treatment
option for adductor-type SD with a level B evi-
dence, whereas the data was considered to be
insufficient to evaluate the efficacy and safety
of BoNT in the other variants of SD.33

Adductor Spasmodic Dysphonia
The most commonly used technique is the per-
cutaneous injection of the laryngeal adductor
muscles. The patient lies in the supine position
with the neck extended. The needle is curved
slightly to allow for a more anterior placement,
and is inserted through the space between the
cricoid and thyroid cartilages, pointing toward
the thyroarytenoid muscle (Fig. 10-4). BoNT is
injected using an insulated needle connected to
an EMG recorder. The patient is asked to
phonate, and EMG activity is recorded; the
toxin is injected when the needle tip is located
in an active area of the muscle. The patient is
instructed to try not to cough or swallow when
the needle is in the airway or in the thyroary-
tenoid muscle. Patients with uncontrollable
cough can be treated with 0.3 mL of 1%
lidocaine injected through the cricothyroid
membrane into the subglottic space or into
the underneath airway. The anesthetic is not
given routinely because it diminishes
the EMG interference pattern, reducing the
precision of muscle targeting.

Other approaches have also been proposed.

� The indirect laryngoscopic technique uses
the transoral approach, which is more
familiar to the otolaryngologists and
requires no EMG equipment. The vocal
folds are visualized directly and the injec-
tions are performed using an L-shaped
syringe, a device originally designed for
collagen injections. The advantage of the
this approach is the visual individuation
of the target area that reduces soft tissue
traumas; a drawback is the waste of the

toxin due to the large dead volume in
the long L-shaped needle.82

� The injection can be performed using a
needle placed into the operative channel
of a flexible fiber optic laryngoscope
(transnasal approach).83

� The point-touch injection uses a needle
inserted through the surface of the thyroid
cartilage halfway between the thyroid

A

Thyroid
Cartilage

Cricothyroid
Membrane

Cricoid
CartilageB

FIGURE 10-4. Percutaneous injection of the laryngeal

adductor muscles: schematic view from above (A) and lateral

view (B).
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notch and inferior edge of the thyroid
cartilage. The toxin is then given once
the needle is passed into the thyroaryte-
noid muscle.84

There are no comparative data on the effi-
cacy and tolerability of these different techni-
ques; however, EMG-guided percutaneous
injections are considered the method of
preference.

Unilateral or bilateral protocols have been
proposed for BoNT injections into the thyroar-
ytenoid muscle. Some authors have proposed
to treat patients with relatively large doses
(20–30 Botox U) given unilaterally, to simulate
the effects of the recurrent nerve section, avoid-
ing adverse events, such as breathiness or
hoarseness.85,86 A comparison of outcome
between 16 patients treated with unilateral
injections and 33 patients who received
bilateral injections concluded that unilateral
injections have a better efficacy/tolerability
profile87: patients receiving unilateral
injections had a significantly longer benefit
and a higher rate of successful sessions.
Others found that bilateral injections signifi-
cantly prolonged the duration of benefit in
men but not in women,88 whereas others did
not find substantial differences between the
two techniques.89 Blitzer and colleagues75 sug-
gested to use from 2.5 U to 7.5 Botox U in just
one vocal fold. This would cause a vocal fold
paresis, a period of breathy dysphonia, and
eventually a 90% improvement in vocal
function. Thereafter, the same authors consid-
ered that dystonia would exacerbate in the
untreated vocal fold after unilateral paresis
and shifted toward a bilateral injection proto-
col. They considered that such technique per-
mits the use of smaller doses and produces
better voicing. Yet another paradigm has been
proposed for those patients who are exquisitely

sensitive to BoNT injections and do not have
benefit from small bilateral doses but whohave
unacceptable breathiness at larger doses.
In such patients, it has been proposed to stag-
ger larger BoNT doses, by performing a unilat-
eral injection, and then give a contralateral
injection 2 weeks apart. Finally, some patients
prefer more frequent, smaller (0.1–0.5 Botox U)
unilateral doses. Although the duration of
benefit in these patients is only from 6 to 8
weeks, it avoids the risk of breathiness.
Frequent injections, however, increase the expo-
sure to the immune system and potentially
increase the risk of formation of blocking
antibodies. Although this is much more of a
concern in patients receiving higher doses for
other indications, such as cervical dystonia,
nevertheless frequent, ‘‘booster,’’ injections
should be avoided whenever possible. It has
been estimated that up to 20% of patients
obtain no benefit from injection nor its side
effects, suggesting the possibility that BoNT
does not reach the appropriate vocal muscles
in these cases.90

BoNT injections can be placed just into the
thyroarytenoid muscles or also in the lateral
cricoarytenoid and interarytenoid muscles.91

It has been reported that simultaneous unilat-
eral injections into both the thyroarytenoid
and the lateral cricoarytenoid muscles gives
the best overall improvement, the longest
lasting benefit, and the shortest duration for
undesirable breathiness.92

The BoNT doses used in SD vary depending
on the toxin brand and the technique used
(Table 10-2). In the earlier series, the total
doses varied from 3.75 to 7.5 Botox U for bilat-
eral injections,78,93-95 and up to 15 U for uni-
lateral injections.85,86 Remarkably, much larger
doses (up to 50 Botox U in each vocal cord)
have also been used.35 More recent data,

TABLE 10-2 Suggested Doses in the Treatment of Adductor-Type Spasmodic Dysphonia

Drug Name

Muscle
Vocal Cord (Thyroarytenoid

Muscle)
Lateral

Cricoarytenoid

Injection type Unilateral Bilateral Bilateral

Botox Starting dose (U)
Dilution

5–10
50 U/mL

1.25–2.5
25 U/mL

2.5–5
50 U/mL

Dysport Starting dose (U)
Dilution

20
200 U/mL

5
100 U/mL

10-20
100 U/mL

Myobloc/
Neurobloc

Starting dose (U) 200–500 50–100 100-200
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however, recommended the use of lower
doses.96 In the 12-year experience reported by
Blitzer and colleagues,75 the dose range was
between 0.005 and 30 Botox U (average: 3.09
U ±3.1). The average starting dose was 1 Botox
U in each thyroarytenoid muscle. Others
injected between 0.6 and 2.5 Botox U bilater-
ally and then adjusted the dose according to
the clinical improvement; alternatively, 5 o
Botox U were injected unilaterally. Truong
and colleagues68 suggested to start with 0.5
Botox U or 1.5 Dysport U when injecting bilat-
erally; then to adjust the dose as needed
(the estimated average dose being 0.75–1
Botox U or 2–3 Dysport U).

The clinical effects become visible from
1 hour to 3 days after the injection, and the
patients may then experience transient breathi-
ness for up to 2 weeks. On average, patients
treated with BoNT experience a 97% improve-
ment of voice.95 After few months, as the
clinical effect of BoNT wears off, SD slowly
recurs. The duration of improvement is dose
related. In a long-term series of 747 patients,
the average latency of effect was 2.4 days, with
the peak effect at 9.0 days and a duration of
benefit of 15.1 weeks.75

The treatment is generally well tolerated.
In a double-blind controlled trial, it was
reported that breathiness has higher incidence
in the active drug-treated group.78 A retrospec-
tive study reported mild breathiness in 35%
and choking in 15% of the patients treated.93

Compared with bilateral injections, alternating
unilateral injections cause a significantly less
breathy voice87,97 and stronger voice intervals.
A slightly higher incidence of aspiration, dys-
phagia, and breathiness was reported in the
bilaterally injected group of patients, who
required significantly lower doses of toxin to
attain benefit.88

Abductor Spasmodic Dysphonia
Abductor SD is less frequent and more difficult
to treat than the adductor form of SD. The pos-
terior cricoarytenoid muscles, the cricothyroid
muscles, or both, are usually injected in these
patients. Using the EMG-guided percutaneous
technique, the injections are performed by
manually rotating the larynx away from the
side of the intended injection. The posterior
cricoarytenoid muscle is identified by EMG
recording, using a needle inserted posterior to
the posterior edge of the thyroid lamina. The
needle is advanced through the inferior con-
strictor muscle to the cricoid cartilage and
then moved out under EMG guidance to find

the posterior cricoarytenoid muscle (postero-
lateral approach) (Fig. 10-5). The patient is
asked to sniff in order to activate this muscle
and to swallow to stop its activity.74

An alternative technique includes the ante-
rior approach, consisting of the supracricoid
placement of the EMG needle under flexible
transnasal laryngoscopic surveillance.98 The
needle is directed along the superior border
of the posterior cricoid lamina and between
the arytenoids. For anatomic reasons, the
toxin is injected at the area above, to allow dif-
fusion down into the muscle.

A refined simpler technique has the advan-
tage of directing the injection into the muscle,
and is particularly indicated in young indivi-
duals with soft cartilage. A small amount of
1% lidocaine is instilled in the subglottis
before placing the EMG needle through the cri-
cothyroid membrane just above the cricoid car-
tilage anteriorly. The needle is advanced along
this plane and then directed laterally, until it
hits the rostrum of the cricoid cartilage. The
cartilage is impaled and, as the needle exits,
there is often an appreciable burst of muscle
activity from the posterior cricoarytenoid
muscle (anterior transcricoid approach). In
older patients, this approach is made difficult
by the calcification of the cartilage.99

FIGURE 10-5. Percutaneous injection of the laryngeal

abductor muscles (posterolateral approach) seen from a lat-

eral view.
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Bilateral injections are dangerous, because
side effects include stridor and airway obstruc-
tion. Therefore, unilateral injections with 2.5 to
25 U of Botox are performed initially, by
choosing the most active side of contraction,
as determined by fiber optic laryngoscopy. A
common technique is to inject 5 U Botox
into the more active posterior cricoarytenoid
muscle. If there is no subjective improvement
in voice quality after 2 weeks, and if no airway
symptoms have occurred, then the opposite
muscle is injected with an additional Botox 5
U.100,101 Another suggestion is: 2 to 4 U of
Botox or 12 U of Dysport, with 1 U of Botox
or 3 U of Dysport on the opposite side.68 A
lower dose protocol proposes 1.25 to 1.75 U
of Botox in one muscle and 0.9 U on the oppo-
site side (Table 10-3).99 Generally, if a high
dose is required on both sides, the second
side can be injected with a delay of 2 weeks
to avoid compromising the airway.

A review of the safety of simultaneous bilat-
eral posterior cricoarytenoid muscle injections
in 21 patients treated over 6 years demon-
strated that this treatment is safe. The total
BoNT dose injected bilaterally in each session
was between 2.5 and 7.5 U of Botox, with an
average total dose per session of 4.7 U. There
were no life-threatening complications (intuba-
tions, tracheotomies, or admissions for airway
observation); minor complications were self
limited and included a 5% incidence of signif-
icant dyspnea and a 2% incidence of
dysphagia.102

In a 12-year experience on 154 patients,
the overall improvement was around 70%,
the average onset of improvement was
4.1 days, and the benefit lasted for 10.5
weeks.75 In approximately 20% of patients,
weakening or paralyzing just one posterior
cricoarytenoid muscle produced significant

voice improvement; 80% needed a dose of
0.625 to 2.5 U of Botox into the contralateral
posterior cricoarytenoid. The highest percent
improvement was in the group with focal
laryngeal involvement without tremor.75 Of
154 treated patients, adverse effects included
exertional wheezing in four patients and dys-
phagia in 10 patients, none of them requiring
being intubated or tracheotomized related to
treatment.75

One additional issue to be considered in
patients with abductor dysphonia is that spas-
modic activity may also take place in the ad-
ductor muscle, explaining some cases of poor
treatment outcome.103

The cricothyroid muscle can also be injected,
under EMG guidance, by percutaneous access.
This muscle bends the vocal fold,antagonizing
the posterior cricoarytenoid muscle.100 In one
series of SD patients, nine received bilateral
injections (2.5 U of Botox on each side) in
the cricothyroid muscles in addition to the pos-
terior cricoarytenoid.75 These patients still had
breathy breaks or tremor despite significant
limitation of abduction. Five of the nine inject-
ed patients had benefit consisting in a louder
voice with fewer breaks. One patient got worse
after the additional injection.

Mixed-Type Spasmodic Dysphonia
In the mixed adductor-abductor type of SD
there is an admixture of breathy breaks and
tight harsh sounds. The treatment aims at
improving the most disturbing features, which
in most patients, is the adductor component; in
such cases, the treatment is directed at weaken-
ing the thyroarytenoid muscles. Sometimes in
the mixed type, there are compensatory con-
tractions that do not require treatment.
However, in the truly mixed type both compo-
nents occur, and if isolated adductor or

TABLE 10-3 Suggested Doses in the Treatment of Abductor-Type Spasmodic Dysphonia

Drug Name

Muscle
Posterior

Cricoarytenoid Posterior Cricoarytenoid
Lateral

Cricoarytenoid

Injection Unilateral
Bilateral (Lower Dose on
the Less Active Side) Bilateral

Botox Starting dose (U)
Dilution

1.25–5 U
25 U/mL

1.5–3.0 and 1 U
20 U/mL

2.5–5
50 U/mL

Dysport Starting dose (U)
Dilution

20 U
200/mL

10 and 5
100/mL

10–20
100 U/mL

Myobloc/
Neurobloc

Starting dose (U) 50–200 50–150 and 50 100–200
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abductor type of treatment is performed, the
untreated component gets much worse. In
such cases, adductor and abductor muscles
both require treatment.

Botulinum Neurotoxin Type B
Resistance to BoNT injections for SD is uncom-
mon, and there are no reported cases of sec-
ondary resistance to BoNT/A in a large series
(901 patients treated with 6300 injections for
more than ten years).75 Secondary resistance
has been reported in 2 patients after several
years of regular treatments for SD, who failed
to have the expected voice improvement after
receiving their standard treatment.104 In one of
them, antibodies to BoNT/A were detected by
mouse neutralization bioassay. It is conceivable
that repeating injections at close intervals, as in
the case of shortly spaced unilateral injections,
may favor the development of immune
response to BoNT.

BoNT/B stands as an alternative to BoNT/A
in immunologically resistant patients. The
experience with BoNT/B in SD is limited to
the treatment of adductor type SD. In two
patients who failed to respond to BoNT/A,
250 to 1000 U of Myobloc were injected in
each vocal fold, with beneficial effects lasting
for 4 months.105 It has been reported that eight
out of 10 treated patients who received 200 U
of Myobloc on each side had a clinical
improvement lasting for 8 weeks.106 Three
patients, who failed to respond to BoNT/A
and subsequently received BoNT/B (up to
1000 U Myobloc on each side), were reported
to improve for approximately 2 months.68

A direct comparison of BoNT/A and BoNT/B
was performed on 32 patients with adductor
SD who had been treated with stable doses of
BoNT/A and were followed for 1 year with
BoNT/B.107 The conversion rate for laryngeal
injections was 52.3:1 (B:A). BoNT-B was asso-
ciated with more rapid onset of action (2.09 vs.
3.2 days) and a shorter duration of benefit
(10.8 vs. 17 weeks) but no difference in safety
profile.

SPASMODIC LARYNGEAL
DYSPNEA

Spasmodic laryngeal dyspnea (SLD), or adduc-
tor breathing dystonia, causes a dystonic stri-
dor. SLD has been typically described in the
context of neurodegenerative disorders, such
as multiple system atrophy, but it also occurs

as a primary disorder in some patients. In SLD,
the spasmodic vocal fold contraction is acti-
vated by breathing (primarily inspiration)
rather than by speaking (as in the case of
SD). SLD causes dyspnea by intermittently
obstructing the glottic and supraglottic airway
due to laryngeal and supralaryngeal pharyngeal
muscle spasms. The patients present with stri-
dor and tirage and, albeit rarely, may develop
hypoxia. SLD abates during sleep and may
improve with speaking.108,109 Some of these
patients may also have dystonic movements
in other body districts or respiratory or breath-
ing incoordination, with paradoxical move-
ments of the diaphragm or of the chest wall.110

The treatment is generally similar to that of
adductor SD. Localized unilateral injections
are placed into the thyroarytenoid muscle
and, if necessary, into the ventricular folds.
The clinical improvement lasts from 9 weeks
to 6 months.111

In a series of 12 patients a dose of 0.625 to
3.75 U, Botox was injected into each thyroary-
tenoid muscle, depending on the severity of the
spasms.75 The average preinjection function
was 27% of normal, and pulmonary function
tests showed abnormal flow volume loops with
intermittent interruptions of airflow during
inspiration or expiration in 20 of 24 patients.
The average best postinjection function was
82% of normal. The mean duration of relief
from the stridor was 14 weeks. A breathy
voice lasting for 1 to 2 weeks was reported in
50% of the patients. Mild choking on fluids
also occurred in five patients and lasted for
1 week. In 3 of 4 patients with severe stridor
and multiple system atrophy (MSA), treated
with 10 U of Botox injected into the right thyr-
oarythenoid muscle, an improvement was
documented one month after the injection.76

STUTTERING

Stuttering is an action-induced speech disorder
with involuntary, audible, or silent repetitions
or prolongations in the utterance of short
speech elements (sounds, syllables) and
words. Symptomatic treatment programs
frequently have initial success; persistent bene-
fit is variable and many patients remain
disabled. Stuttering has many characteristics
similar to SD, often including the presence of
adductor laryngeal spasms that obstruct airflow
(glottal block).

On this basis, it has been proposed that
relief of the spasmodic dysphonic glottal
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blocks in stutterers would modify the stuttering
phenomenon and increase fluency. Unilateral
BoNT injections (doses ranging from 10 to
78 U of Botox) into the vocal fold improved
fluency and speech in seven stuttering
patients.112 Fourteen adult patients were
treated with 1.25 U of Botox injected into
each thyroarytenoid muscle.113 Improvement
in fluency was documented at 2 and 6 weeks,
with a functional relapse around 12 weeks.
BoNT injections could be useful in the manage-
ment of stuttering with glottal block after
failure of speech interventional therapy.

VOCAL TREMORS

Patients with vocal tremor have a tremulous
sound of their voice, which is especially audi-
ble while they pronounce prolonged vocals.
There are different types of vocal tremors. SD
may be associated with a tremor of the vocal
folds: EMG studies found that almost 25% of
patients with SD have an irregular 4- to 8-Hz
tremor on phonation, whereas another 6% has
a regular tremor similar to that of essential
tremor (ET).60 Vocal tremor in SD may be sim-
ilar to that found in patients with ET, being
synchronous with pharyngeal, lingual, velar,
mandibular, facial, thoracic, and diaphrag-
matic tremor.114

The involvement of the thyroarytenoid
muscle is predominant in SD cases without
tremor, whereas the lateral cricoarytenoid
muscle is equally involved when tremor is a
relevant feature. It has been shown that the in-
terarytenoid muscle may be involved in rare
cases of tremulous SD.91 In the majority of
patients, the thyroarytenoid muscle alone has
been injected and this may explain the poorer
response rate to BoNT treatment of patients
with SD and associated vocal tremor compared
with patients with isolated SD. In a series of 81
patients with tremulous SD, the best outcome
was achieved when the lateral cricoarytenoid
muscle was also injected.115

Some patients with ET affecting the head
and hands also present with voice tremor.
Rarely, patients with Parkinson’s disease may
also display low-frequency (4–6 Hz) voice
tremor. Many of these patients benefit from
beta-adrenergic antagonists or other drugs
used to treat ET, but sometimes this benefit is
partial, particularly when high doses cannot be
used. Objective acoustic measures have shown
efficacy of BoNT in only a small number of
treated patients, although the majority of

them reported a subjective reduction in vocal
effort.116 Subjective evaluations reported a ben-
efit in 67% of patients with essential voice
tremor treated with BoNT/A, whereas acoustic
analysis showed a nonsignificant decrease in
the fundamental frequency and a decrease in
the fundamental frequency during sustained
vowel phonation.117 An improvement in voice
tremor was reported in another study following
BoNT/A injection into the vocal cord.118

The average doses used in each vocal muscle
are 1.25 to 3.75 U of Botox or 4 to 12 of U
Dysport. No experience with BoNT/B has been
reported in the treatment of essential voice
tremor.

TREMOR

Tremor is defined as a rhythmic, involuntary
oscillatory movement of a body part; it is
etiologically and physiologically heteroge-
neous.119 BoNT has been tested on various
tremor disorders in open-label and small
controlled studies, and it has been proposed
as a treatment for essential hand tremor.3,20

Intramuscular BoNT injections may reduce
tremor by weakening the muscles or by block-
ing gamma motor efferents and muscle spindle
afferents.

In open-label trials of BoNT-A for ET affect-
ing the hands, an improvement was reported in
6 of 10 patients and unwanted hand weakness
was reported.3 In a study of 16 patients fol-
lowed for more than 6 weeks, a significant
improvement occurred on the Webster tremor
scale and on a global disability scale.120

However, tremor amplitude decreased by no
more than 25% and weakness of the digit
extensors was a common side effect. A single-
masked placebo-controlled study found that
the treatment was better than placebo
in more than half the patients; many had
clinically significant weakness of the hands,
which resolved over time.121

In a controlled study, 25 patients were ran-
domized to receive 50 U of Botox or placebo
into wrist extensors and flexors.123 If patients
did not respond, they were eligible to receive
another injection of 100 U 4 weeks later. A sig-
nificant improvement was observed after 4 to
16 weeks in the tremor severity rating scale.
However, there were no significant changes in
the functional rating scales. Patients treated with
the active drug reported finger weakness.

Evidence of efficacy was observed in a multi-
center, randomized, controlled study in which

124 BOTULINUM TOXIN: THERAPEUTIC CLINICAL PRACTICE & SCIENCE



133 ET patients were randomized to a low-dose
(50 U of Botox) or a high-dose (100 U of
Botox) regimen or to placebo treatment.124

Injections were made under EMG guidance
into the wrist flexors (flexor carpi radialis
and ulnaris) and extensors (extensor carpi radi-
alis and ulnaris). The study showed improve-
ment of postural, but not kinetic, hand tremor,
providing an explanation for limited functional
improvement, since it is accepted that kinetic
rather than postural tremor causes disability.
A dose-dependent hand weakness was the
most reported side effect. As a result of the ex-
tensor muscle weakness, which was observed in
both controlled trials, injections into the wrist
extensor muscles are now only rarely
employed, and as a result, the frequency of
extensor hand or finger weakness has disap-
peared without a compromise in the efficacy.
BoNT should be considered as a treatment
option for essential hand tremor in those
patients in whom treatment with oral agents
(Level B) has failed.33

A recent open-label trial enrolled five
patients with primary writing tremor, a form
of dystonic hand tremor. Four patients had sig-
nificant improvement of symptoms after receiv-
ing low doses of BoNT/A for at least 1 year. The
treatment schedule was flexible and involved
the flexor carpi ulnaris, the extensor carpi ulna-
ris or radialis, the extensor digitorum commu-
nis, and the abductor pollicis longus. Each
muscle was injected with a dose ranging from
10 to 12.5 U of Botox.125

Jaw tremor in Parkinson disease does not
respond well to conventional antiparkinsonian
medication and causes social embarrassment.

It has been reported that BoNT injections
may improve jaw tremor without relevant
side effects. Three patients received injections
into both masseter muscles with a mean dose
of 53 U of Dysport (range: 30–100 U).126

Palatal tremor with associated ear click may
also be treated with BoNT.127 A recent review
concluded that BoNT should not be reserved
for refractory cases but should be considered
a safe and effective first-line therapy.128 The
tensor veli palatini, levator veli palatine, or
both have been injected with doses ranging
from 5 to 20 U of Botox or from 5 to 60 U of
Dysport. The treatment is generally safe; rarely
have velopharyngeal insufficiency or nasal
speech been recorded. In the rare cases of
hereditary chin tremor and isolated high-
frequenc jaw tremor, BoNT/A can be injected
into the active muscles with marked reduction
in the amplitude of the tremor.129,130

The evidence collected is insufficient to
indicate a primary role of BoNT in the symp-
tomatic treatment of tremors; however, there
may be an indication for some specific
forms or individual patients that cannot be
adequately treated with systemic drugs or
accepted surgical procedures, such as deep
brain stimulation. BoNT can be helpful partic-
ularly with atypical presentations or when the
tremor is confined to few muscles (Table 10-4).
In the authors’ experience head tremors are par-
ticularly suitable for BoNT treatment, which
usually results in a satisfying outcome. The
treatment paradigms follow the wide experi-
ence collected for cervical dystonia. Finally,
very scanty data are available on BoNT-B
treatment of tremors.37

TABLE 10-4 Suggested Doses in the Treatment of Upper Limb Tremor

Injection Site Botox Dose (U) Dysport Dose (U)
Myobloc/Neurobloc
Dose (U)

Pronator teres 25–75 80–100 1000–2500

Pronator quadratus 10–50 80–100 1000–2500

Flexor carpi radialis 25–100 150 1000–3000

Flexor carpi ulnaris 20–70 100–150 1000–3000

Flexor digitorum
superficialis

20–60 150–300 1000–3000

Flexor digitorum
profundus

20–60 150–200 1000–3000

Flexor pollicis longus 10–30 30–60 1000–2500

Modified from Albanese A, Bentivoglio AR. Botulinum toxin in movement disorders. In: Jankovic J, Tolosa E, eds. Parkinson’s Disease

and Movement Disorders. 5th ed. Philadelphia: Lippincott Williams & Wilkins; 2007:605-619.
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TICS

BoNT/A has been used to treat motor or vocal
tics in patients with chronic tic disorders.
The first anecdotal observations were per-
formed in patients with Tourette syndrome
and dystonic tics affecting the eyelids and the
neck.5 BoNT treatment reduced the frequency
and the intensity of tics and ameliorated the
associated premonitory sensory urge; the
benefit lasted for several weeks.

In another series, 35 patients (30 men,
5 women) were treated with BoNT in the sites
of their most problematic tics131: cervical or
upper thoracic area (17 patients), upper face
(14), lower face (7), vocal cords (4), upper
back and/or shoulder (3), scalp (1), forearm
(1), leg (1), and rectus abdominis
(1). The response to BoNT was scored on a 0
to 4 clinical rating scale (0, no improvement, to
4, marked improvement in both severity and
function). The mean peak effect recorded in
115 sessions was 2.8; the mean duration of
benefit was 14.4 weeks; and the mean latency
of benefit onset was 3.8 days. Twenty-one
(84%) of 25 patients who reported premoni-
tory sensations reported a marked relief.

A controlled trial has confirmed the efficacy
of BoNT/A for the treatment of simple motor
tics, yielding a 39% reduction in their number
(compared with a 6% increase in the placebo
group) and a significant reduction of the urge
score.132 The patients, however, did not report
a consistent subjective benefit.

BoNT can also be indicated for vocal tics
thereby ameliorating quality of life.133,134

A series of 30 patients received 2.5 U of Botox
in both vocal cords and were followed up for
12 months.135 Vocal tics improved after
treatment in 93% patients, with 50% being tic
free. The mean response time was 5.8 days, and
the mean duration of response was 102 days.
Quality of life improved, and premonitory
experiences dropped from 53% to 20%.
Hypophonia was the only side effect of note
(80% of patients).

In summary, it is worth trying BoNT/A in
patients who have simple and repetitive
motor or vocal tics, particularly if systemic
medication is contraindicated or inefficacious.
However, the long-term outcome in patients
with tic disorders remains to be established.
According to the evidence-based evaluation
criteria the clinical studies available so far
allow to state that BoNT is possibly effective
for the treatment of motor tics, with a level
C evidence, whereas there are insufficient

data to determine the effectiveness of BoNT
in phonic tics.33
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