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ARTICLE INFO ABSTRACT

Tremor is a key clinical feature of several common neurological disorders. Adequate management of tremor has
been an unmet need in clinical practice. Most of the anti-tremor medications have limited efficacy and are
associated with undesirable adverse effects, especially in elderly patients. Several studies have reported good
outcomes with the use of botulinum neurotoxin (BoNT) for the treatment of tremor. This article aims to sys-
tematically review these studies and to highlight the role of BoNT in the management of tremor. A PubMed
search was performed in August 2018 to identify articles pertinent to this review.

Majority of the studies that have assessed the efficacy of BoNT in tremor, enrolled patients with essential
tremor (ET), Parkinson's disease (PD), and dystonic tremor. Results of these studies suggest clinically meaningful
improvement in hand tremor in both ET and PD and vocal tremor in ET after BONT therapy. Additionally, BONT
has been reported to be efficacious in alleviating head and palatal tremor, tremor in multiple sclerosis, and
proximal positional tremor. It is apparent that BoNT injections tailored to the needs of individual patients yield
better efficacy and lower adverse effects compared to fixed-muscle-fixed-dose approach. BoNT individualized
approach adds to the armamentarium for patients who have medically refractory tremors or those who are
unable to tolerate the anti-tremor medications. The studies are limited and mostly open-label; thus, randomized
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placebo-controlled studies are needed to prove the efficacy of BoNT in various tremor conditions.

1. Introduction

Tremor is an involuntary, rhythmic, oscillatory movement of a body
part [1]. It is one of the hallmark features of the two most common
movement disorders i.e. essential tremor (ET), and Parkinson's disease
(PD). Other movement disorders in which tremor may dominate the
clinical presentation include dystonia (dystonic tremor), certain spi-
nocerebellar ataxias, Wilson's disease, primary writing tremor (PWT),
and primary orthostatic tremor (POT) [2,3]. Additionally, tremor may
be a manifestation of multiple sclerosis (MS) [4,5]. Tremor may inter-
fere with the activities of daily life and may lead to social embarrass-
ment [6].

Adequate management of tremor is an unmet need in patients with
the aforementioned pathologies. Although levodopa or dopamine re-
ceptor agonists in PD and beta-blockers or primidone in ET are often
effective in ameliorating tremor, the improvement may be only partial
or may be limited by the emergence of undesirable side effects.
Similarly, deep brain stimulation (DBS) and thalamotomy which are
effective surgical approaches in the management of tremor, may not be
applicable to all patients with troublesome or disabling tremors [7,8].
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In one survey, involving 1418 patients with ET, only 11.8% of the re-
spondents were satisfied with their care [9].

Considering these limitations of medical and surgical therapies,
several studies have explored the use of botulinum neurotoxin (BoNT)
for the management of tremor, particularly in focal tremors. The me-
chanism by which BoNT improves tremor is not well understood but
may be partly due to temporary weakness in the involved muscles by
inhibiting the release of acetylcholine from the presynaptic terminals
and thus, blocking the neuromuscular transmission. BoNT also blocks
the presynaptic motor end plate of gamma motor neurons of intrafusal
fibers and restores presynaptic inhibition between forearm antagonist
muscles by inhibiting the input into the spinal cord via the Ia afferents
[10]. In addition, BoNT can transiently alter the excitability of the
cortical motor areas by reorganizing the inhibitory and excitatory in-
tracortical circuits, likely originated through peripheral mechanisms.
Hence, BoNT has an effect on the tremor by dampening the peripheral
oscillations at the muscle level, spindle fibers affecting the reciprocal
inhibition at spinal cord level, and central level at the cortical motor
areas [11,12]. The muscle afferents influence the central motor struc-
tures such as motor cortex, thalamus, and the cerebellum. It is possible
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Table 1

Parkinsonism and Related Disorders 63 (2019) 31-41

Results of search for articles from PubMed using various key words and their combinations.

Key words and combinations

Number of publications in PubMed

Total Included Excluded

Tremor AND Botulinum toxin 302 26 276 (not in English: 33, not relevant: 194 case reports/case series with < 5 subjects: 36
review articles: 13)

Essential tremor AND Botulinum toxin 117 20 97 (not in English: 17, not relevant: 70, case reports/case series with < 5 subjects: 6
review articles: 4)

Tremor AND Parkinson's disease AND Botulinum toxin 67 7 60 (not in English: 12, not relevant: 39, case reports/case series with < 5 subjects:4
review articles: 5)

Tremor AND Multiple sclerosis AND Botulinum toxin 11 2 9 (not in English: 3, not relevant: 3 case reports/case series with < 5 subjects: 0
review articles: 3)

Tremor AND Wilson's disease AND Botulinum toxin 2 0 2 (not in English: 0, not relevant: 2, case reports/case series with < 5 subjects: 0
review articles: 0)

Dystonic tremor AND Botulinum toxin 54 2 52 (not in English: 6, not relevant: 39 case reports/case series with < 5 subjects: 1
review articles: 6)

Writing tremor AND Botulinum toxin 19 3 16 (not in English: 0, not relevant: 13 case reports/case series with < 5 subjects: 2
review articles: 1)

Palatal tremor AND Botulinum toxin 24 2 22 (not in English: 3, not relevant: 13 case reports/case series with < 5 subjects: 5
review articles: 1

Proximal Tremor AND Botulinum toxin 8 1 7 (not in English: 2, not relevant: 5 case reports/case series with < 5 subjects: 0
review articles: 1)

Neuropathic Tremor AND Botulinum toxin 4 0 4 (not in English: 0, not relevant: 4 case reports/case series with < 5 subjects: 0
review articles: 0)

Rubral tremor AND Botulinum toxin 70 0 70 (not in English: 10, not relevant: 60 case reports/case series with < 5 subjects: 0

Total number of articles included for review after removing the duplicates: 35

Total number of articles included from the reference sections of the shortlisted articles:0

Final number of articles include for review: 35

review articles: 0)

that reduced input in one of these central structures might lead to a
reduction of central oscillatory activity and consequently to a reduction
of the tremor [10].

This indication, although not yet approved by the US Food and Drug
Administration, further expands the spectrum of therapeutic applica-
tions of BoNT in the treatment of movement disorders and other neu-
rologic and non-neurologic disorders [13,14]. In this article, we com-
prehensively review the studies that have assessed the efficacy of BONT
in the management of tremor of different etiologies, focusing on the
dose of BoNT, muscle selection, injection techniques, and outcomes.

2. Methods

In August 2018, the authors used PubMed to search for the pertinent
literature using the terms “Botulinum toxin” and “Tremor” with addi-
tional search terms being, “Essential tremor”, “Parkinson's disease”,
“Multiple sclerosis”, “Writing tremor”, “dystonic tremor”, “rubral
tremor”, “vocal cord tremor” and “cerebellar tremor”. This search
yielded 658 articles (Table 1). During the initial screening of the ab-
stracts/full texts, the articles that were not relevant to this review, case
reports, case series with < 5 patients, and articles published in lan-
guages other than English were removed, leaving 63 remaining articles.
The references from these articles as well as full-text articles/abstracts
from authors' personal collections were also thoroughly searched for
any additional articles (Table 1). The duplicate articles were removed
and in total, 35 articles pertaining to this topic were included for this
review (Table 1).

The efficacy of BoNT for the management of tremor in several dis-
eases has been extensively evaluated in randomized double-blind, pla-
cebo-controlled studies (RCT) and in open-label studies (OL). We found
a total of 10 published studies evaluating the role of BoNT in ET pa-
tients with hand tremor (3 RCT and 7 OL), seven studies on PD tremor
(1 RCT and 6 OL), two studies on hand tremor in MS (1 RCT and 1 OL),
two studies on head tremor in ET (1 RCT and 1 OL), one OL study on
dystonic head tremor, two OL studies on essential palatal tremor, two
OL studies on task-specific hand tremor (primary writing tremor and
musician tremor). There is one OL study on each proximal upper limb
tremor and jerky position-specific upper limb tremor.

2.1. BoNT for the treatment of essential hand tremor [Table 2]

ET is one of the most common neurological diseases with the esti-
mated prevalence of ~4% and with bimodal age at onset with peaks
around 2nd and 6th decade of life [15,16]. Clinically, patients have
4-12 Hz kinetic tremor of both hands, but the tremor may also involve
other body parts such as head, face, jaw, voice, and legs [17-19]. The
kinetic tremor in ET is usually observed during voluntary actions such
as writing, eating, drinking, and while pouring water into a cup. The
first line medications for ET has not changed over the last three decades
and includes beta-blockers such as propranolol and one of the anti-
epileptic medications especially primidone or topiramate. Approxi-
mately 50-60% of the patients with ET achieve sustained improvement
with these medications. However, these medications often cause side
effects, especially in the elderly population. DBS targeting the ventral
intermediate nucleus of the thalamus is effective against tremor in ET
but carries a 3%-4% risk of post-operative complications that include
intracerebral hemorrhage, peripheral or intracerebral infection, and
other problems [20,21].

There are few OL studies [22-25], where a small number of ET
patients with hand tremor were injected with BoNT using surface
anatomical landmarks or EMG guidance. In one such study, Trosch
et al. [22] injected up to 8 hand and arm muscles under the guidance of
surface and needle EMG. Three of the 14 ET patients (21%) had > 50%
reduction in tremor amplitude and five patients (~40%) had moderate
to marked subjective functional improvement after the injections, al-
though the difference did not reach statistical significance. Pullman
et al. [23]. published their experience with 17 patients in which only
three patients had marked improvement in tremor. Injections were
given in different muscles on the basis of tremor activity on EMG with
adjustments in dose and techniques.

In 1996, Jankovic et al. [26]. conducted the first randomized
double-blind placebo-controlled study to assess the efficacy of BoNT in
25 patients with ET (BoNT arm: 13, placebo arm: 12). Two forearm
extensors i.e. extensor carpi ulnaris (ECU) and extensor carpi radialis
(ECR) and two forearm flexors i.e. flexor carpi radialis (FCR) and flexor
carpi ulnaris (FCU) were injected at low dose (extensors: 10U each) and
high dose (flexors: 15U each) in all the patients under EMG guidance.
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After a 4-week follow up, 75% of BoNT treated patients reported mild
to moderate improvement in tremor compared to 27% of the placebo-
treated patients. Moreover, there was > 30% reduction in tremor am-
plitude in nine of 12 BoNT-treated subjects and in one of the nine
placebo-treated subjects, highlighting the efficacy of BoNT in amelior-
ating hand tremor in ET. Although 92% of the patients developed
weakness in fingers and wrist (extensor > flexor), in none of the cases
the weakness was irreversible, and none had any difficulty in carrying
out activities of daily life. Later, in 2001, Brin et al. [27]. assessed the
efficacy of onabotulinumtoxinA in a larger sample of ET patients
(n = 133). Unlike the first RCT by Jankovic et al., in this study, there
were two groups of patients in the treatment arm (low-dose group;
n = 43 and high-dose group; n = 45). The low-dose group were in-
jected a total of 50U of onabotulinumtoxinA (FCR:15U, FCU:15U,
ECR:10U, ECU:10U) and the high-dose group were injected a total of
100 U (FCR:30U, FCU:30U, ECR:20U, ECU:20U). There was statistically
significant improvement in postural tremor but its use in clinical
practice was limited due to unacceptable weakness in the hand muscles.
Thirty percent of the patients (13/43) in the low-dose group and 70%
percent (31/45) of the patients in the high-dose group had developed
hand weakness, particularly in the finger and hand extensors, after
BoNT injection [27]. Pacchetti et al. [24]. injected 20 patients with ET
in 1-2 forearm muscles and noticed improvement in tremor severity
and functional disability and only 15% of the patients developed finger
extensor weakness. In 2016, Samotus et al. [28]. studied hand tremor in
patients with ET using sensor-based kinematic analysis at the shoulder,
elbow, and wrist joint during various tasks to elicit action and postural
tremor. The dosages of the BoNT injections were customized according
to tremulous activity sensed by the goniometer. The authors published
the 96-weeks follow up data of these patients who received total 6 in-
jections at intervals of 16 weeks [29]. The results were consistent with
those reported after the shorter follow up of 38 weeks. The authors also
injected 10 treatment naive patients with ET hand tremor and found
significant improvement in action and postural tremor at peak effect (6
weeks) and subsequently improved tremor scores in the long-term
follow-up (96 weeks) [30]. In a large retrospective review by Niemann
and Jankovic [31], 91 patients with ET, PD or dystonic tremor received
onabotulinumtoxinA injections using individualized approach and
surface anatomy in the forearm flexors groups (FCR and FCU), avoiding
the forearm extensor muscles to prevent hand and extensor finger
weakness. Based on peak effect rating scale, more than 80% of the
patients had moderate to marked benefit. Out of 1095 limbs injected,
134 (12.2%) were associated with some adverse effect, such as focal
weakness but none of the patients had disabling weakness.

Recently, Mittal et al. published a randomized double-blind, pla-
cebo-controlled study of 28 patients from a single center where
incobotulinumtoxinA was injected in upper limb muscles using a cus-
tomized approach [32]. The authors injected 8-12 arm/forearm and
hand muscles depending on the tremor activity based on clinical ex-
amination and needle EMG. There was statistically significant im-
provement in the Fahn-Tolosa-Marin (FTM) tremor score at 4 and 8
weeks in the incobotulinumtoxinA group compared to the placebo
group (p < 0.003 and p < 0.001 respectively). Also, on the tremor
severity scale (National Institutes of Health Collaborative Genetic Cri-
teria tremor score severity), the BoNT-treated group had significant
improvement compared to the placebo group at 4 weeks and 8 weeks
(p = 0.003 and p = 0.002, respectively). Mild hand weakness was
noted in 21% of patients, and one patient withdrew from the study due
to disabling hand weakness.

Although BoNT in ET was not assessed in the most recent evidence-
based practice guidelines by the American Academy of Neurology [33],
it did receive level B evidence in another critical review [34]. It is likely
that even higher recommendation can be accorded to this treatment as
a result of more recent studies reviewed above.

35

Parkinsonism and Related Disorders 63 (2019) 31-41

2.2. BoNT in essential head tremor [Table 3]

In addition to tremor of the hands, patients with ET may also de-
velop head tremor [19,35], which is usually less responsive than hand
tremor to drug therapy [36]. Improvement of 30-50% in head tremor
with propranolol and primidone have been reported in several studies
[37,38]. There are two OL studies and one RCT yielding mixed results
for the treatment of head tremor. In a study by Jankovic and Schwartz
[25], 42 of 51 tremor patients had disabling head tremor of various
types (essential, dystonic, or combined). Patients with lateral oscillation
of the head were injected in both splenius capitis muscles and in one or
both sternocleidomastoid muscles if there was an anterior-posterior
component. Asymmetric dosages or additional neck muscle injections
were often required in patients with dystonic tremor. Sixty-seven per-
cent of the patients with head tremor reported a global improvement
after BoNT therapy. In another study, Wissel et al. [37]. described 14
non-dystonic and 29 dystonic head tremor patients who received abo-
botulinumtoxinA with significant improvement in subjective response,
clinical rating and accelerometric recording at 2-3 weeks following the
injections. Pahwa et al. [38]. performed a small double-blind placebo-
controlled trial in 10 patients with head tremor associated with ET and
noted that 50% of the patients in the onabotulinumtoxinA group
showed improvement based on the clinician rating compared with only
10% in the placebo group, but no significant difference was found in
clinical ratings or accelerometric measurements of head tremor.

2.3. BoNT in essential voice tremor [Table 3]

Voice tremor (VT), the phonatory manifestation of ET, is one of the
common symptoms of ET and may be observed in as many as 62% of
the ET patients [15,39]. Often coupled with head tremor [40], it is a
disabling and frequently socially embarrassing symptom of ET [41]. As
VT usually does not respond to medical therapies, several studies have
assessed the utility of BoNT in the treatment of VT.

Warrick et al. [42]. injected the vocalis muscles with onabotuli-
numtoxinA (15U if unilateral and 2.5U if bilateral, later crossed-over)
and noted that three out of ten patients had objective improvement of
their VT with bilateral injection and two out of nine with unilateral
injections. Importantly, majority of patients in this study had subjective
reduction in vocal effort that could be attributable to reduced laryngeal
airway resistance. Hertegard et al. [43]. injected onabotulinumtoxinA
to the thyroarytenoid muscles, and in some cases, to the cricothyroid or
thyrohyoid muscles in 15 patients with essential VT. While the sub-
jective evaluation revealed beneficial effect of BoNT in 67% of the
patients, the perceptual evaluations demonstrated significant reduction
in VT during connected speech (p < 0.05). Acoustic analysis demon-
strated a nearly significant decrease in the fundamental frequency
variations (p = 0.06) and a significant decrease in fundamental fre-
quency during sustained vowel phonation (p < 0.01). The results of
perceptual evaluation coincided most closely with the subjective
judgments. Later, Adler et al. [44]. and Gurey et al. [45]. also reported
significant subjective and objective improvement in VT after onabotu-
linumtoxinA injections. Gurey et al. customized the BoNT injection sites
based on the type of laryngeal tremor observed in the recruited pa-
tients. While patients with horizontal laryngeal tremor received BoNT
injections to both thyroarytenoid muscles, those with vertical laryngeal
tremor underwent additional infrahyoid muscle injections. All patients
had symptomatic improvement with reduced tremor amplitude and
50% of the patients developed post-injection hoarseness lasting 3-8
days without associated aspiration or dysphagia.

In a prospective cross-over trial, Estes et al. [46]. compared the
efficacy of BoNT with that of injection augmentation (IA) with buffered
hydrogel in patients with VT and reported that IA has no advantage
over BoNT in the treatment of essential VT. Another study compared
the efficacy of abobotulinumtoxinA to that of propranolol (80 mg/d) in
10 patients with dystonic VT and 5 patients with essential VT [47]. The
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study found significant improvement in dystonic VT after BoNT injec-
tions (15 U in left thyroarytenoid) compared with propranolol. Inter-
estingly, patients with essential VT did not have significant improve-
ment either with BoNT or with propranolol. However, results of this
study need to be confirmed as interpretation of this study is limited by
small sample size.

In majority of the aforementioned studies, the common side effects
of BoNT injection were breathiness, hoarseness of voice, and dysphagia.
However, these side effects improved within 1-2 weeks after the BoNT
injection. In summary, BoNT appears to be a potential therapeutic op-
tion in patients with disabling VT.

2.4. BoNT in the management of tremor in PD [Table 4]

The spectrum of motor symptoms in PD can range from a purely
akinetic-rigid subtype in which tremor is absent to a tremor-dominant
subtype in which tremor is the earliest and the most prominent feature
[48]. Patients with PD typically have a 4-6 Hz resting tremor, but it is
the “re-emergent tremor” of PD that is most troublesome as this tremor
interferes with patient's ability to hold objects [49,50]. The tremor in
PD substantially impacts several domains of quality of life, from phy-
sical to psychosocial which adds psychosocial stress in more than 25%
of patients [51]. Unlike other cardinal motor features of bradykinesia
and rigidity, tremor in PD may be refractory to pharmacologic treat-
ment or may require the use of high doses of levodopa, which can cause
debilitating motor fluctuations (ON-OFF phenomena/dyskinesia). An-
ticholinergic medications (e.g., trihexyphenidyl hydrochloride) can
help few patients with refractory PD tremor but their common adverse
effects that include cognitive dysfunction, blurring of vision, and ur-
inary retention are poorly tolerated by elderly individuals [52]. BONT
provides a good therapeutic option for such patients.

Currently, there are seven published studies (OL: 6, RCT:1) that
have assessed the efficacy of BoNT in PD tremor [22,23,29,31,53-55].
Trosch et al. [22]. treated 12 individuals with PD injecting BoNT into
the forearm muscles. They measured tremor amplitude and frequency
with accelerometric recording. The mean amplitude reduction for the
PD tremor group was 15%, with five patients demonstrating more than
50% amplitude reduction and one patient had 98% reduction. Five
patients (38%) reported moderate to marked functional improvement.
In another study by Pullman et. a. [23], 187 patients with limb dis-
orders, of whom 15 had PD tremor, were injected with onabotuli-
numtoxinA. Only two of the 15 patients (13.3%) had major quantitative
changes in tremor amplitude (> 50% reduction) and reported sa-
tisfactory functional improvement.

In recent years, kinematic analysis has been utilized to understand
the dynamic composition of hand tremor. In an OL study by Rahimi
et al. [55], seven patients with PD were injected with in-
cobotulinumtoxinA using kinematic analysis of the tremor. The results
were promising with improvement in tremor for up to 3 months. After
this pilot study, the authors studied the effects of incobotulinumtoxinA
in PD tremor using the same technique involving a larger cohort
(n = 28) [53]. The patients were followed after three injection visits,
once in every 16 weeks, for a total of 48 weeks. A statistically sig-
nificant decrease in the mean Unified Parkinson's Disease Rating Scale
(UPDRS) item 20 (rest tremor) at week 16 (p = 0.006) and at week 32
(p = 0.014), and in the FTM tremor severity scores at week 6 were
noted; however, 10 (36%) participants reported muscle weakness. The
authors later published a long term follow up with six injections, once
in every 16 weeks for 96 weeks [29] The mean BoNT-A dose was
174.1 + 68.8 units, injected to a mean of 8.4 + 1.9 muscles for 28 PD
patients, 10 (34%) of whom either withdrew because of hand weakness,
lack of benefit, or other reasons. Niemann and Jankovic [31] included
six patients with PD out of a total of 91 patients with tremor treated
with onabotulinumtoxinA. The mean dose injected in FCU and FCR
aimed to control the postural rather than supination-pronation rest
tremor was 47.9 + 11.5 units and the patients were followed for 27
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treatment visits. Similar to patients with ET, most of the patients with
PD reported satisfactory response.

Mittal el. al. published the first RCT examining the role of BoNT in
PD tremor [54], wherein the authors injected incobotulinumtoxinA in
8-10 upper limb muscles in a customized injection approach based on
the tremor activity as seen on clinical examination and EMG activity.
There was significant improvement in rest tremor on UPDRS rating at 4
and 8 weeks in BoNT group compared to the placebo group
(p < 0.001). There was significant improvement in action/postural
tremor on UPDRS rating at 8 weeks after BoNT treatment (p = 0.01).
There was no statistically significant hand weakness in the study group
(p = 0.19).

These studies provide evidence of meaningful improvement in PD
tremor in short- and long-term follow up assessments after BONT-A
injections. BoNT injections administered in an individualized approach
based on distribution, amplitude, and other features of the tremor hold
promise in PD patients with troublesome tremor.

2.5. Use of BoNT in management of tremor in other conditions [Table 5]

2.5.1. Tremor in multiple sclerosis

Tremor is observed in approximately 25% of the patients with
Multiple Sclerosis (MS) [56]. Tremor in MS patients leads to severe
disability and poor quality of life [56]. There is one OL study and one
RCT to study the role of BoNT to treat tremor in MS patients [57,58]. In
the OL study involving five patients with MS tremor, two forearm
muscles were injected without EMG guidance. However, there was no
statistically significant improvement in the clinical rating scales. This
study had few major limitations such as small sample size and fixed-
dose protocol. These limitations were addressed in a study by Van der
Walt et al. [58], in which the authors injected onabotulinumtoxinA
under EMG guidance in one limb or both upper limbs in 23 MS patients
(total 36 limbs) based on the tremor activity. This resulted in significant
improvement in the clinical rating scores of hand tremor and ataxia.
Although weakness was observed in 42% patients, it improved in all
patients within 2-weeks.

2.5.2. Task-specific tremor and role of BONT

The literature on efficacy of BoNT in task-specific tremor is sparse.
In an OL study [59] of patients with musicians’ tremor, BoNT was in-
jected in five patients where 80% patients reported improvement in
tremor. Total dose of 10-117.5 units of BoNT (unspecified type) was
injected in 2-6 muscles (5-23.4 Units/muscle).

The response was apparently better than using primidone or pro-
pranolol, and no adverse events were reported. Papapetropoulos et al.
[60] injected BoNT in 1-3 muscles with 10-12.5 units/muscle based on
the muscle activity in four patients with PWT and all patients had
moderate to marked improvement in symptoms. Three out of four pa-
tients had mirror dystonia (dystonic movements in resting dominant
hand associated with writing with the non-dominant hand). Identifying
mirror movement is a critical in selecting correct muscles for the in-
jection with BoNT in patients with PWT and task-specific dystonias
[61].

2.5.3. Orthostatic tremor

Orthostatic tremor is a high-frequency tremor (> 13 Hz) of the legs
when patient is standing or in supine position when forcefully pressing
feet against a vertical platform [62]. It typically affects individuals in
the 6th decade of life and it rarely responds to any medical therapy,
although clonazepam may provide some relief [63]. In a small OL study
of eight patients [64], authors injected 200 units of BoNT in bilateral
tibialis anterior muscle with electrophysiologically confirmed ortho-
static tremor. There was no improvement at 6 weeks, but injection to
additional leg muscles, including thigh muscles, was apparently not
attempted.
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2.6. Palatal tremor

Palatal tremor or myoclonus is characterized by rhythmic move-
ments of the soft palate, which may occur sporadically (essential
myoclonus) or after brainstem or cerebellar lesion (symptomatic myo-
clonus) and may be associated with disturbing ear click or rhythmical
movements of other body parts (myorhythmia) [65,66]. There are two
small OL studies of 5 patients each with palatal tremor (total 10 pa-
tients), who received BoNT-A injections in soft palate with reported
marked improvement in nine out of ten patients [67,68]. It should be,
however, pointed out that many patients with palatal tremor (myo-
clonus) are later found to have functional (psychogenic) etiology [69].

2.7. Dystonic hand tremor

Niemann and Jankovic [31]. successfully treated 31 patients with
dystonic tremor with onabotulinumtoxinA (the mean dose was 77.3U;
range: 27.5-187.5U). An RCT study, utilizing mirror movement [61] to
identify the most appropriate muscles to target, is needed.

2.8. Non-specific tremor

Proximal upper limb tremor due to mixed etiologies has been stu-
died in two OL studies [70,71]. Kim et al. [70], injected 19 patients
with onabotulinumtoxinA in shoulder muscles (~8 muscles) and re-
ported that more than 60% patients had moderate to marked im-
provement in the proximal upper limb tremor with one patient suf-
fering from severe hand weakness. In a smaller OL study [71], eight
patients with position-specific jerky proximal tremor, 75% patients had
improvement with BoNT injections.

3. A practical approach to BoNT injection for hand tremor

In this section, we summarize what we consider relevant for a
practical approach to the injection of BoNT in patients with hand
tremor.

3.1. BoNT in hand tremor

1. Examine the tremor in different positions; with hands at rest, at
different postures, and during action (e.g. drawing a spiral and
writing). Observe for tremor not only in the affected fingers, meta-
carpophalangeal joint, and wrist but also at the elbow and shoulder.

2. Muscle selection should be individualized and customized to the
patients' tremor. For the patients who also have proximal tremor
that may contribute to the motor impairment, the arm (biceps, tri-
ceps) and even shoulder (deltoid, pectoralis) muscles may need to be
injected. If the tremor involves specific fingers without compensa-
tory contraction and contributes to the motor impairment, then
lumbricals and other distal hand muscles should be considered for
injection.

3. Depending on the response to the tremor movements, the dose can
be adjusted and other muscles can be selected for injection based on
the response to prior injection.

4. If possible, the extensor muscles should be avoided as these muscles
are sensitive to BoNT and their injection frequently causes wrist and
finger extension weakness. If needed absolutely, low dose of BONT
and close follow-ups should be done to assess for any weakness.

5. For the task-specific dystonia and primary writing tremor, precau-
tion should be taken to avoid injection in the compensatory muscle
rather than dystonic muscle. Having the patient to write (or perform
a specific task) with the contralateral, unaffected, hand may elicit
dystonic mirror movement in the involved hand which can lead to
more appropriate selection of target muscles.

6. The complexity of tremor assessment and the need for in-
dividualization implies that at the current stage, these injections
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should be performed only by those who are highly skilled injectors.
4. Techniques for muscle selection and injection

1. Manual examination: It is based on visual inspection and palpation
of the muscles. Muscles are injected based on palpation and acti-
vation of muscle based on the anatomical landmarks.

2. Surface EMG: This physiological test may help in the identification
of the involved muscles.

3. Accelerometry: Surface EMG can be combined with accelerometer to
record the tremor amplitude and severity in particular hand posi-
tions or tasks [24].

4. Needle EMG: Needle EMG may help to identify target muscle and
also demonstrate tremor activity in the muscle.

5. Ultrasound: This technique may help in direct visualization of the
muscle for the muscle injection. Unfortunately, the tremor activity
cannot be assessed on ultrasound. Needle EMG can be combined
with ultrasound for both direct visualization of the muscle and as-
sessing the tremor activity on EMG.

6. Kinematic analysis: Motion sensor devices placed over the forearm,
wrist, elbow, and shoulder joints angular tremor amplitude si-
multaneously in multiple degrees of freedom such as flexion-ex-
tension (wrist, elbow, shoulder joints), pronation-supination, radial-
ulnar deviations (wrist joint) and abduction-adduction deviations
(shoulder joint) [28,29]. As per Rahimi et al., there is mutual
agreement in muscle selection between visual inspection (by an
experienced injector) and kinematic analysis of 36% and 53% in ET
and PD patients, respectively.

5. Conclusion

Although the studies are limited and largely open-label, BONT might
be a useful tool in alleviating tremor irrespective of the etiology.
Majority of the published studies are in patients with hand tremor in ET
and PD, head and voice tremor in ET. It is apparent from the afore-
mentioned studies that individualized injections i.e. accurate localiza-
tion of the muscles and customization of BoNT dose and injection
technique yields superior result compared to fixed-muscle-fixed-dose
approach. BoNT therapy may play a crucial role in the management of
tremors that are refractory to medical therapy or in patients who cannot
tolerate the adverse effects of the anti-tremor medications or are not
candidates for surgical treatment. BoNT injections using individualized
approach adds to the therapeutic armamentarium for patients who have
medically refractory tremor, those who are unable to tolerate the anti-
tremor medications, and in those who are not or who are considered
candidates for surgical intervention.

Conflicts of interest
The authors declare no conflicts of interest.
Funding information

Shivam Om Mittal and Abhishek Lenka: Nil, Joseph Jankovic:
Dr. Jankovic has received research and/or training grants from:
Adamas Pharmaceuticals, Inc.; Allergan, Inc.; Biotie Therapies; CHDI
Foundation; Civitas/Acorda Therapeutics; Dystonia Coalition; Dystonia
Medical Research Foundation; F. Hoffmann-La Roche Ltd.; Huntington
Study Group; Kyowa Haako Kirin Pharma, Inc.; Medtronic
Neuromodulation; Merz Pharmaceuticals; Michael J. Fox Foundation
for Parkinson Research; National Institutes of Health; Neurocrine

Biosciences; NeuroDerm Ltd.; Parkinson's Foundation; Nuvelution;
Parkinson Study Group; Pfizer Inc.; Prothena Biosciences Inc.; Psyadon
Pharmaceuticals, Inc.; Revance Therapeutics, Inc.; Sangamo
BioSciences, Inc.; St. Jude Medical; Teva Pharmaceutical Industries Ltd.
Dr. Jankovic has served as a consultant or as an advisory committee



S.0. Mittal et al.

member for: Adamas Pharmaceuticals, Inc.; Allergan, Inc.; Merz

Pharmaceuticals;

Pfizer Inc.; Prothena Biosciences; Revance

Therapeutics, Inc.; Teva Pharmaceutical Industries Ltd. Dr. Jankovic
has received royalties or other payments from: Cambridge; Elsevier;
Future Science Group; Hodder Arnold; Medlink: Neurology; Lippincott
Williams and Wilkins; Wiley-Blackwell. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data;
in the writing of the manuscript, and in the decision to publish the
results.

References

[1]

[2]
[3]
[4]

[5]

[6]

[7

—

8

—

[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

K.P. Bhatia, P. Bain, N. Bajaj, R.J. Elble, M. Hallett, E.D. Louis, J. Raethjen,

M. Stamelou, C.M. Testa, G. Deuschl, Consensus statement on the classification of
tremors, from the task force on tremor of the international Parkinson and move-
ment disorder society, Mov. Disord. (2017) 75-87, https://doi.org/10.1002/mds.
27121.

N. Kamble, P.K. Pal, Tremor syndromes: a review, Neurol. India 66 (2003) S36-5S47,
https://doi.org/10.4103/0028-3886.226440.

M.J. Edwards, G. Deuschl, Tremor syndromes, contin. Lifelong learn, Neurol. 19
(2013) 1213-1224, https://doi.org/10.1212/01.CON.0000436153.01167.a6.

G. Deuschl, Movement disorders in multiple sclerosis and their treatment,
Neurodegener. Dis. Manag. 6 (2016) 31-35.

R. Mehanna, J. Jankovic, Movement disorders in multiple sclerosis and other de-
myelinating diseases, J. Neurol. Sci. 328 (2013) 1-8, https://doi.org/10.1016/j.jns.
2013.02.007.

E.D. Louis, E. Rios, Embarrassment in essential tremor: prevalence, clinical corre-
lates and therapeutic implications, Park. Relat. Disord. 15 (2009) 535-538, https://
doi.org/10.1016/j.parkreldis.2008.10.006.

K.T. Mitchell, P. Larson, P.A. Starr, M.S. Okun, R.E. Wharen, R.J. Uitti, B.L. Guthrie,
D. Peichel, R. Pahwa, H.C. Walker, K. Foote, F.J. Marshall, J. Jankovic, R. Simpson,
F. Phibbs, J.S. Neimat, R.M. Stewart, K. Dashtipour, J.L. Ostrem, Benefits and risks
of unilateral and bilateral ventral intermediate nucleus deep brain stimulation for
axial essential tremor symptoms, Park. Relat. Disord. (2018), https://doi.org/10.
1016/j.parkreldis.2018.09.004.

M. Picillo, A. Fasano, Recent advances in essential tremor: surgical treatment, Park.
Relat. Disord. (2016), https://doi.org/10.1016/j.parkreldis.2015.09.012.

E.D. Louis, B. Rohl, C. Rice, Defining the Treatment Gap: what Essential Tremor
Patients Want that They Are Not Getting, Tremor Other Hyperkinet Mov, 2015,
https://doi.org/10.7916/D87080M9.

N. Modugno, A. Priori, A. Berardelli, L. Vacca, B. Mercuri, M. Manfredi, Botulinum
toxin restores presynaptic inhibition of group Ia afferents in patients with essential
tremor, Muscle Nerve 21 (1998) 1701-1705.

F. Gilio, A. Curra, C. Lorenzano, N. Modugno, M. Manfredi, A. Berardelli, Effects of
botulinum toxin type A on intracortical inhibition in patients with dystonia, Ann.
Neurol. 48 (2000) 20-26.

B. Boroojerdi, L.G. Cohen, M. Hallett, Effects of botulinum toxin on motor system
excitability in patients with writer's cramp, Neurology 61 (2003) 1546-1550.

J. Jankovic, Botulinum toxin: state of the art, Mov. Disord. (2017), https://doi.org/
10.1002/mds.27072.

J. Jankovic, An update on new and unique uses of botulinum toxin in movement
disorders, Toxicon (2018), https://doi.org/10.1016/j.toxicon.2017.09.003.

H.M. Haubenberger D, Essential tremor, N. Engl. J. Med. (2018), https://doi.org/
10.1056/NEJMcp1707928.

J. Benito-Ledn, E.D. Louis, Essential tremor: emerging views of a common disorder,
Nat. Clin. Pract. Neurol. (2006), https://doi.org/10.1038/ncpneuro0347.

H.A.G. Teive, Essential tremor: phenotypes, Park. Relat. Disord. (2012), https://doi.
org/10.1016/51353-8020(11)70044-X.

N.R. Whaley, J.D. Putzke, Y. Baba, Z.K. Wszolek, R.J. Uitti, Essential tremor: phe-
notypic expression in a clinical cohort, Park. Relat. Disord. (2007), https://doi.org/
10.1016/j.parkreldis.2006.12.004.

A. Lenka, K.S. Bhalsing, K.R. Jhunjhunwala, V. Chandran, P.K. Pal, Are patients
with limb and head tremor a clinically distinct subtype of essential tremor? Can. J.
Neurol. Sci. (2015) 1-6, https://doi.org/10.1017/cjn.2015.23.

R.E. Wharen, M.S. Okun, B.L. Guthrie, R.J. Uitti, P. Larson, K. Foote, H. Walker,
F.J. Marshall, J. Schwalb, B. Ford, J. Jankovic, R. Simpson, K. Dashtipour,

F. Phibbs, J.S. Neimat, R.M. Stewart, D.L. Peichel, R. Pahwa, J.L. Ostrem, Thalamic
DBS with a constant-current device in essential tremor: a controlled clinical trial,
Park. Relat. Disord. (2017), https://doi.org/10.1016/j.parkreldis.2017.03.017.
J.F. Baizabal-Carvallo, M.N. Kagnoff, J. Jimenez-Shahed, R. Fekete, J. Jankovic,
The safety and efficacy of thalamic deep brain stimulation in essential tremor: 10
years and beyond, J. Neurol. Neurosurg. Psychiatry (2014), https://doi.org/10.
1136/jnnp-2013-304943.

R.M. Trosch, S.L. Pullman, Botulinum toxin A injections for the treatment of hand
tremors, Mov. Disord. 9 (1994) 601-609, https://doi.org/10.1002/mds.
870090604.

S.L. Pullman, P. Greene, S. Fahn, S.F. Pedersen, Approach to the treatment of limb
disorders with botulinum toxin A. Experience with 187 patients, Arch. Neurol. 53
(1996) 617-624.

C. Pacchetti, F. Mancini, M. Bulgheroni, R. Zangaglia, S. Cristina, G. Sandrini,

G. Nappi, Botulinum toxin treatment for functional disability induced by essential
tremor, Neurol. Sci. 21 (2000) 349-353.

40

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Parkinsonism and Related Disorders 63 (2019) 31-41

J. Jankovic, K. Schwartz, Botulinum toxin treatment of tremors, Neurology 41
(1991) 1185-1188.

J. Jankovic, K. Schwartz, W. Clemence, A. Aswad, J. Mordaunt, A randomized,
double-blind, placebo-controlled study to evaluate botulinum toxin type A in es-
sential hand tremor, Mov. Disord. 11 (1996) 250-256, https://doi.org/10.1002/
mds.870110306.

M.F. Brin, K.E. Lyons, J. Doucette, C.H. Adler, J.N. Caviness, C.L. Comella,

R.M. Dubinsky, J.H. Friedman, B. V Manyam, J.Y. Matsumoto, S.L. Pullman,

A.H. Rajput, K.D. Sethi, C. Tanner, W.C. Koller, A randomized, double masked,
controlled trial of botulinum toxin type A in essential hand tremor, Neurology 56
(2001) 1523-1528.

O. Samotus, F. Rahimi, J. Lee, M. Jog, Functional ability improved in essential
tremor by IncobotulinumtoxinA injections using kinematically determined bio-
mechanical patterns - a new future, PLoS One 11 (2016) e0153739, https://doi.org/
10.1371/journal.pone.0153739.

0. Samotus, J. Lee, M. Jog, Long-term tremor therapy for Parkinson and essential
tremor with sensor-guided botulinum toxin type A injections, PLoS One 12 (2017)
e0178670, https://doi.org/10.1371/journal.pone.0178670.

O. Samotus, N. Kumar, P. Rizek, M. Jog, Botulinum toxin type A injections as
monotherapy for upper limb essential tremor using kinematics, Can. J. Neurol. Sci.
45 (2018) 11-22, htps://doi.org/10.1017/¢jn.2017.260.

N. Niemann, J. Jankovic, Botulinum toxin for the treatment of hand tremor, Toxins
10 (2018), https://doi.org/10.3390/toxins10070299.

S.0. Mittal, D. Machado, D. Richardson, D. Dubey, B. Jabbari, Botulinum toxin in
essential hand tremor - a randomized double-blind placebo-controlled study with
customized injection approach, Park. Relat. Disord. (2018), https://doi.org/10.
1016/j.parkreldis.2018.06.019.

D.M. Simpson, M. Hallett, E.J. Ashman, C.L. Comella, M.W. Green, G.S. Gronseth,
M.J. Armstrong, D. Gloss, S. Potrebic, J. Jankovic, B.P. Karp, M. Naumann, Y.T. So,
S.A. Yablon, Practice guideline update summary: botulinum neurotoxin for the
treatment of blepharospasm, cervical dystonia, adult spasticity, and headache
Report of the Guideline Development Subcommittee of the American Academy of
Neurology, Neurology (2016), https://doi.org/10.1212/WNL.0000000000002560.
M. Hallett, A. Albanese, D. Dressler, K.R. Segal, D.M. Simpson, D. Truong,

J. Jankovic, Evidence-based review and assessment of botulinum neurotoxin for the
treatment of movement disorders, Toxicon (2013), https://doi.org/10.1016/j.
toxicon.2012.12.004.

E.D. Louis, Essential tremor with head tremor: trait or state? Can. J. Neurol. Sci.
(2016), https://doi.org/10.1017/cjn.2015.352.

E.D. Louis, Essential tremor, Lancet Neurol. 4 (2005) 100-110, https://doi.org/10.
1016/S1474-4422(05)00991-9.

J. Wissel, F. Masuhr, L. Schelosky, G. Ebersbach, W. Poewe, Quantitative assess-
ment of botulinum toxin treatment in 43 patients with head tremor, Mov. Disord.
12 (1997) 722-726, https://doi.org/10.1002/mds.870120516.

R. Pahwa, K. Busenbark, E.F. Swanson-Hyland, R.M. Dubinsky, J.P. Hubble,

C. Gray, W.C. Koller, Botulinum toxin treatment of essential head tremor,
Neurology 45 (1995) 822-824.

L. Sulica, E.D. Louis, Clinical characteristics of essential voice tremor: a study of 34
cases, Laryngoscope (2010), https://doi.org/10.1002/lary.20702.

A. Lenka, K.S. Bhalsing, K.R. Jhunjhunwala, V. Chandran, P.K. Pal, Are patients
with limb and head tremor a clinically distinct subtype of essential tremor? Can. J.
Neurol. Sci. 48 (2015) 1-6, https://doi.org/10.1017/¢jn.2015.23.

E.D. Louis, E. Rios, Embarrassment in essential tremor: prevalence, clinical corre-
lates and therapeutic implications, Park. Relat. Disord. (2009), https://doi.org/10.
1016/j.parkreldis.2008.10.006.

P. Warrick, C. Dromey, J.C. Irish, L. Durkin, A. Pakiam, A. Lang, Botulinum toxin for
essential tremor of the voice with multiple anatomical sites of tremor: a crossover
design study of unilateral versus bilateral injection, Laryngoscope (2000), https://
doi.org/10.1097,/00005537-200008000-00028.

S. Hertegard, S. Grangvist, P.A. Lindestad, Botulinum toxin injections for essential
voice tremor, Ann. Otol. Rhinol. Laryngol. (2000), https://doi.org/10.1177/
000348940010900216.

C.H. Adler, S.F. Bansberg, J.G. Hentz, L.O. Ramig, E.H. Buder, K. Witt,

B.W. Edwards, K. Krein-Jones, J.N. Caviness, Botulinum toxin type A for treating
voice tremor, Arch. Neurol. (2004), https://doi.org/10.1001/archneur.61.9.1416.
L.E. Gurey, C.F. Sinclair, A. Blitzer, A new paradigm for the management of es-
sential vocal tremor with botulinum toxin, Laryngoscope (2013), https://doi.org/
10.1002/lary.24073.

C. Estes, B. Sadoughi, R. Coleman, H. Sarva, E. Mauer, L. Sulica, A prospective
crossover trial of botulinum toxin chemodenervation versus injection augmentation
for essential voice tremor, Laryngoscope (2018), https://doi.org/10.1002/lary.
26911.

G. Guglielmino, B.T. de Moraes, L.C. Villanova, M. Padovani, N.G. De Biase,
Comparison of botulinum toxin and propranolol for essential and dystonic vocal
tremors, Clinics 73 (2018) €87, https://doi.org/10.6061/clinics/2018/e87.

M.A. Thenganatt, J. Jankovic, Parkinson disease subtypes, JAMA Neurol (2014),
https://doi.org/10.1001/jamaneurol.2013.6233.

M.F. Dirkx, H. Zach, B.R. Bloem, M. Hallett, R.C. Helmich, The nature of postural
tremor in Parkinson disease, Neurology 90 (2018) e1095-e1103, https://doi.org/
10.1212/WNL.0000000000005215.

J. Jankovic, How do I examine for Re-emergent tremor? Mov. Disord. Clin. Pract.
(2016), https://doi.org/10.1002/mdc3.12329.

E.D. Louis, D.G. Machado, Tremor-related quality of life: a comparison of essential
tremor vs. Parkinson's disease patients, Park. Relat. Disord. 21 (2015) 729-735
https://doi.org/10.1016/j.parkreldis.2015.04.019.

R. Katzenschlager, C. Sampaio, J. Costa, A. Lees, Anticholinergics for symptomatic


https://doi.org/10.1002/mds.27121
https://doi.org/10.1002/mds.27121
https://doi.org/10.4103/0028-3886.226440
https://doi.org/10.1212/01.CON.0000436153.01167.a6
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref4
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref4
https://doi.org/10.1016/j.jns.2013.02.007
https://doi.org/10.1016/j.jns.2013.02.007
https://doi.org/10.1016/j.parkreldis.2008.10.006
https://doi.org/10.1016/j.parkreldis.2008.10.006
https://doi.org/10.1016/j.parkreldis.2018.09.004
https://doi.org/10.1016/j.parkreldis.2018.09.004
https://doi.org/10.1016/j.parkreldis.2015.09.012
https://doi.org/10.7916/D87080M9
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref10
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref10
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref10
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref11
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref11
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref11
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref12
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref12
https://doi.org/10.1002/mds.27072
https://doi.org/10.1002/mds.27072
https://doi.org/10.1016/j.toxicon.2017.09.003
https://doi.org/10.1056/NEJMcp1707928
https://doi.org/10.1056/NEJMcp1707928
https://doi.org/10.1038/ncpneuro0347
https://doi.org/10.1016/S1353-8020(11)70044-X
https://doi.org/10.1016/S1353-8020(11)70044-X
https://doi.org/10.1016/j.parkreldis.2006.12.004
https://doi.org/10.1016/j.parkreldis.2006.12.004
https://doi.org/10.1017/cjn.2015.23
https://doi.org/10.1016/j.parkreldis.2017.03.017
https://doi.org/10.1136/jnnp-2013-304943
https://doi.org/10.1136/jnnp-2013-304943
https://doi.org/10.1002/mds.870090604
https://doi.org/10.1002/mds.870090604
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref23
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref23
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref23
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref24
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref24
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref24
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref25
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref25
https://doi.org/10.1002/mds.870110306
https://doi.org/10.1002/mds.870110306
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref27
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref27
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref27
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref27
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref27
https://doi.org/10.1371/journal.pone.0153739
https://doi.org/10.1371/journal.pone.0153739
https://doi.org/10.1371/journal.pone.0178670
https://doi.org/10.1017/cjn.2017.260
https://doi.org/10.3390/toxins10070299
https://doi.org/10.1016/j.parkreldis.2018.06.019
https://doi.org/10.1016/j.parkreldis.2018.06.019
https://doi.org/10.1212/WNL.0000000000002560
https://doi.org/10.1016/j.toxicon.2012.12.004
https://doi.org/10.1016/j.toxicon.2012.12.004
https://doi.org/10.1017/cjn.2015.352
https://doi.org/10.1016/S1474-4422(05)00991-9
https://doi.org/10.1016/S1474-4422(05)00991-9
https://doi.org/10.1002/mds.870120516
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref38
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref38
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref38
https://doi.org/10.1002/lary.20702
https://doi.org/10.1017/cjn.2015.23
https://doi.org/10.1016/j.parkreldis.2008.10.006
https://doi.org/10.1016/j.parkreldis.2008.10.006
https://doi.org/10.1097/00005537-200008000-00028
https://doi.org/10.1097/00005537-200008000-00028
https://doi.org/10.1177/000348940010900216
https://doi.org/10.1177/000348940010900216
https://doi.org/10.1001/archneur.61.9.1416
https://doi.org/10.1002/lary.24073
https://doi.org/10.1002/lary.24073
https://doi.org/10.1002/lary.26911
https://doi.org/10.1002/lary.26911
https://doi.org/10.6061/clinics/2018/e87
https://doi.org/10.1001/jamaneurol.2013.6233
https://doi.org/10.1212/WNL.0000000000005215
https://doi.org/10.1212/WNL.0000000000005215
https://doi.org/10.1002/mdc3.12329
https://doi.org/10.1016/j.parkreldis.2015.04.019

S.0. Mittal et al.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

management of Parkinson's disease, Cochrane Database Syst. Rev. (2003)
CD003735, https://doi.org/10.1002/14651858.cd003735.

F. Rahimi, O. Samotus, J. Lee, M. Jog, Effective management of upper limb par-
kinsonian tremor by IncobotulinumtoxinA injections using sensor-based bio-
mechanical patterns, Tremor Other Hyperkinet Mov (N Y). 5 (2015) 348, https://
doi.org/10.7916/d8bp0270.

S.0. Mittal, D. Machado, D. Richardson, D. Dubey, B. Jabbari, Botulinum toxin in
Parkinson disease tremor. A randomized, double-blind, placebo-controlled study
with a customized injection approach, Mayo Clin. Proc. (2017), https://doi.org/10.
1016/j.mayocp.2017.06.010.

F. Rahimi, C. Bee, D. Debicki, A.C. Roberts, P. Bapat, M. Jog, Effectiveness of BONT
A in Parkinson's disease upper limb tremor management, Can. J. Neurol. Sci. 40
(2013) 663-669.

S.J. Pittock, R.L. McClelland, W.T. Mayr, M. Rodriguez, J.Y. Matsumoto, Prevalence
of tremor in multiple sclerosis and associated disability in the Olmsted County
population, Mov. Disord. 19 (2004) 1482-1485, https://doi.org/10.1002/mds.
20227.

C.E. Clarke, Botulinum toxin type A in cerebellar tremor caused by multiple
sclerosis, Eur. J. Neurol. 4 (1997) 68-71, https://doi.org/10.1111/j.1468-1331.
1997.tb00301.x.

A. Van Der Walt, S. Sung, T. Spelman, M. Marriott, S. Kolbe, P. Mitchell, A. Evans,
H. Butzkueven, A double-blind, randomized, controlled study of botulinum toxin
type A in MS-related tremor, Neurology 79 (2012) 92-99, https://doi.org/10.1212/
WNL.0b013e31825dcdd9.

A. Lee, S. Furuya, E. Altenmuller, Epidemiology and treatment of 23 musicians with
task specific tremor, J. Clin. Mov. Disord. 1 (2014) 5, https://doi.org/10.1186/
2054-7072-1-5.

S. Papapetropoulos, C. Singer, Treatment of primary writing tremor with botulinum
toxin type a injections: report of a case series, Clin. Neuropharmacol. 29 (2006)
364-367, https://doi.org/10.1097/01.wnf.0000236765.00785.9c.

O. Sitburana, L.J. Chen Wu, J.K. Sheffield, A. Davidson, J. Jankovic, Motor overflow
and mirror dystonia, Park. Relat. Disord. (2009), https://doi.org/10.1016/j.

41

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Parkinsonism and Related Disorders 63 (2019) 31-41

parkreldis.2009.05.003.

A. Lenka, P.K. Pal, D.E. Bhatti, E.D. Louis, Pathogenesis of Primary Orthostatic
Tremor: Current Concepts and Controversies, Tremor Other Hyperkinet. Mov.,
2017, https://doi.org/10.7916/D8W66ZBH.

A. Hassan, J.E. Ahlskog, J.Y. Matsumoto, J.M. Milber, J.H. Bower, J.R. Wilkinson,
Orthostatic tremor: clinical, electrophysiologic, and treatment findings in 184 pa-
tients, Neurology 86 (2016) 458-464, https://doi.org/10.1212/WNL.
0000000000002328.

K. Bertram, D. Sirisena, M. Cowey, A. Hill, D.R. Williams, Safety and efficacy of
botulinum toxin in primary orthostatic tremor, J. Clin. Neurosci. Off. J. Neurosurg.
Soc. Australas. 20 (2013) 1503-1505, https://doi.org/10.1016/j.jocn.2012.12.025.
J.F. Baizabal-Carvallo, F. Cardoso, J. Jankovic, Myorhythmia: phenomenology,
etiology, and treatment, Mov. Disord. (2015), https://doi.org/10.1002/mds.26093.
G. Deusch, C. Toro, J. Valls-solé, T. Zeffiro, D.S. Zee, M. Hallett, Symptomatic and
essential palatal tremor: 1. Clinical, physiological and MRI analysis, Brain (1994),
https://doi.org/10.1093/brain/117.4.775.

E. Krause, F. Heinen, R. Gurkov, Difference in outcome of botulinum toxin treat-
ment of essential palatal tremor in children and adults, Am. J. Otolaryngol. 31
(2010) 91-95, https://doi.org/10.1016/j.amjoto.2008.11.007.

S.E. Penney, L.A. Bruce, S.R. Saeed, Botulinum toxin is effective and safe for palatal
tremor: a report of five cases and a review of the literature, J. Neurol. 253 (2006)
857-860, https://doi.org/10.1007/500415-006-0039-9.

M. Stamelou, T.A. Saifee, M.J. Edwards, K.P. Bhatia, Psychogenic palatal tremor
may be underrecognized: reappraisal of a large series of cases, Mov. Disord. (2012),
https://doi.org/10.1002/mds.24948.

S.D. Kim, C. Yiannikas, N. Mahant, S. Vucic, V.S. Fung, Treatment of proximal
upper limb tremor with botulinum toxin therapy, Mov. Disord. 29 (2014) 835-838,
https://doi.org/10.1002/mds.25739.

T.A. Saifee, T. Teodoro, R. Erro, M.J. Edwards, C. Cordivari, A pilot study of bo-
tulinum toxin for jerky, position-specific, upper limb action tremor, Tremor Other
Hyperkinet. Mov. (N. Y). 6 (2016) 406, https://doi.org/10.7916/D8T153TQ.


https://doi.org/10.1002/14651858.cd003735
https://doi.org/10.7916/d8bp0270
https://doi.org/10.7916/d8bp0270
https://doi.org/10.1016/j.mayocp.2017.06.010
https://doi.org/10.1016/j.mayocp.2017.06.010
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref55
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref55
http://refhub.elsevier.com/S1353-8020(19)30023-9/sref55
https://doi.org/10.1002/mds.20227
https://doi.org/10.1002/mds.20227
https://doi.org/10.1111/j.1468-1331.1997.tb00301.x
https://doi.org/10.1111/j.1468-1331.1997.tb00301.x
https://doi.org/10.1212/WNL.0b013e31825dcdd9
https://doi.org/10.1212/WNL.0b013e31825dcdd9
https://doi.org/10.1186/2054-7072-1-5
https://doi.org/10.1186/2054-7072-1-5
https://doi.org/10.1097/01.wnf.0000236765.00785.9c
https://doi.org/10.1016/j.parkreldis.2009.05.003
https://doi.org/10.1016/j.parkreldis.2009.05.003
https://doi.org/10.7916/D8W66ZBH
https://doi.org/10.1212/WNL.0000000000002328
https://doi.org/10.1212/WNL.0000000000002328
https://doi.org/10.1016/j.jocn.2012.12.025
https://doi.org/10.1002/mds.26093
https://doi.org/10.1093/brain/117.4.775
https://doi.org/10.1016/j.amjoto.2008.11.007
https://doi.org/10.1007/s00415-006-0039-9
https://doi.org/10.1002/mds.24948
https://doi.org/10.1002/mds.25739
https://doi.org/10.7916/D8T153TQ

	Botulinum toxin for the treatment of tremor
	Introduction
	Methods
	BoNT for the treatment of essential hand tremor [Table 2]
	BoNT in essential head tremor [Table 3]
	BoNT in essential voice tremor [Table 3]
	BoNT in the management of tremor in PD [Table 4]
	Use of BoNT in management of tremor in other conditions [Table 5]
	Tremor in multiple sclerosis
	Task-specific tremor and role of BoNT
	Orthostatic tremor

	Palatal tremor
	Dystonic hand tremor
	Non-specific tremor

	A practical approach to BoNT injection for hand tremor
	BoNT in hand tremor

	Techniques for muscle selection and injection
	Conclusion
	Conflicts of interest
	Funding information
	References




