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Botulinum toxin (BoNT) has been used for over a quarter of century for the treatment of
well over 100 different indications. Many of the symptoms for which BoNT has been found
to be effective occur in a variety of neurological disorders. One neurodegenerative disorder
in which BoNT has been used extensively to treat various symptoms is Parkinson’s disease
(PD). This review will highlight the following therapeutic applications of BoNT in condi-
tions associated with PD: limb dystonia, blepharospasm and lid apraxia, bruxism, cervical
dystonia (anterocollis), camptocormia, hand and jaw tremor, rigidity (painful shoulder),
freezing of gait, sialorrhea, dysphagia (achalasia), seborrhea, hyperhidrosis, overactive
bladder, and constipation.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The application of botulinum toxin (BoNT) as a therapeutic
modality has expanded markedly over the past quarter of
century. Initially used by specialists in neurology (movement
disorders) and ophthalmology (strabismus), BoNT has been
subsequently used in nearly all specialties of medicine,
including physiatry, orthopedics and sports medicine,
otolaryngology, pediatrics, gastroenterology, urology, pain
specialists, dermatology, and plastic surgery (Truong and Jost,
2006; Jankovic et al., 2008). In addition, neuroscientists and
other basic scientists are using BoNT to study its mechanism
of action, as a result of which our knowledge of BoNT as
a molecule has increased exponentially.

There are several diseases in which troublesome
symptoms, such as involuntary spasms or movements,
hypesecretory or other autonomic dysfunctions, and other
problems become amenable to BoNT treatment. Such
disease-oriented application of BoNT has been successfully
used in cerebral palsy and a variety of neurodegenerative
m.tmc.edu
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disorders. Parkinson disease (PD), the second most
common neurodegenerative disorder, has been selected for
this review to illustrate how disease-related symptoms
may be effectively relieved with BoNT. Manifested by
dozens of motor and non-motor symptoms that can impair
activities of daily living, PD can seriously impact the quality
of life of those afflicted with this disease (Jankovic, 2008).
While most of the motor symptoms, particularly the
cardinal features of PD, such as tremor, bradykinesia,
rigidity and gait difficulty, improve with dopaminergic and
other therapeutic, including surgical, strategies, many
troublesome symptoms do not respond to conventional
treatments (Diamond and Jankovic, 2006). In this review,
we will briefly describe the use of BoNT in the treatment of
the following PD-related disorders: limb dystonia, bleph-
arospasm and apraxia of eyelid opening, bruxism, cervical
dystonia (anterocollis), camptocormia, hand and jaw
tremor, rigidity (painful shoulder), freezing of gait, sialor-
rhea, dysphagia (achalasia), seborrhea, hyperhidrosis,
overactive bladder, and constipation (Table 1) (Sheffield
and Jankovic, 2007). We will use the generic term botu-
linum toxin or BoNT, but the brand names, such as Botox�,
Dysport� and Xeomin�, all BoNT type A (BoNT/A)
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Table 1
Botulinum toxin in the treatment of symptoms associated with Parkin-
son’s disease.

Dystonia

� Blepharospasm – lid apraxia
� Bruxism
� Limb – striatal

hand/foot, levodopa-related
dystonia
� Cervical dystonia

(anterocollis)
� Camptocormia

Tremor – hand,
jaw
Rigidity (painful shoulder)
Freezing of gait
Sialorrhea
Dysphagia (achalasia)
Seborrhea
Hyperhidrosis
Overactive bladder
Constipation
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preparations, or Myobloc� (NeuroBloc�), a BoNT/B, will be
identified whenever appropriate as properties and dosages
are often unique to that product. While the intent of BoNT
treatment is not only to improve the specific symptom but
the patient’s quality of life, it is important to point out that
the overall outcome of BoNT treatment depends not only
on selection of the appropriate target, preparation and
dosage, but also on the injection technique, and many other
factors (Lim and Seet, 2008).

2. Dystonia

Dystonia, a syndrome characterized by sustained
muscle contraction associated with twisting, repetitive,
and patterned movements or abnormal postures, has been
treated with BoNT for the past quarter of century (Jankovic,
2006b). One form of focal dystonia, blepharospasm, was
the first indication for which BoNT was approved by the
Food and Drug Administration (FDA) (Jankovic and Orman,
1987). Blepharospasm can occur as a form of focal primary
dystonia, without an identifiable cause (idiopathic or
essential blepharospasm), or it may be due to a variety of
etiologies including PD (Hallett et al., 2008). Different
forms of dystonia may be present in up to 60% of patients
with PD, particularly those with early onset (Jankovic and
Tintner, 2001). In addition, dystonia may occur as one of
several motor complications of levodopa therapy (Jankovic
and Stacy, 2007).
2.1. Blepharospasm and lid apraxia

Blepharospasm is an involuntary, forceful eye closure,
considered to be a form of dystonia (Hallett et al., 2008).
Blepharospasm usually occurs in more advanced stages of PD;
when it occurs alone it rarely leads to PD (Soonawala et al.,
1999). Although it may accompany PD, the presence of
blepharospasm should raise the possibility of atypical
parkinsonism, such as progressive supranuclear palsy, in
which blepharospasm is more common (Azher and Jankovic,
2008). When seen in the setting of parkinsonism, blepharo-
spasm is often associated with apraxia of eyelid opening.
Attributed to a variety of possible mechanisms, such as focal
dystonia, levator inhibition, abnormal contraction in the
pretarsal orbicularis oculi, or eyelid freezing (analogous to
freezing of gait, described below), the pathophysiology of lid
apraxia is not well understood (Hallett et al., 2008; Elston,
1992; Krack and Marion, 1994).

The long-term experience with BoNT in the treatment of
blepharospasm has provided evidence in support of the
efficacy and safety of this treatment in patients with
blepharospasm (Jankovic, 2004; Mejia et al., 2005; Kenney
and Jankovic, 2008). Despite the extensive literature on
BoNT in blepharospasm, an evidence-based review by the
Therapeutics and Technology Assessment Subcommittee of
the American Academy of Neurology (AAN) concluded that
there is only level B (probably effective) evidence for its
efficacy, and recommended that ‘‘BoNT injection should be
considered as a treatment option for blepharospasm’’
(Simpson et al., 2008). This study involved 300 patients
with blepharospasm, 256 of whom completed the trial
(Roggenkamper et al., 2006). The primary outcome was the
change from baseline in the sum score of the Jankovic
Rating Scale (JRS). The adjusted mean change in the JRS was
–2.90 for the NT 201 and –2.67 for the Botox� group. The
frequency of ptosis, the most common adverse effect, was
6.1% and 4.5%, respectively. When compared to Botox�,
both products were found to be equally effective with no
difference in adverse effects. The level B recommendation
was supported by two Class II studies, both utilizing Botox�

(Jankovic and Orman, 1987; Girlanda et al., 1996). One Class
I study, which compared NT 201 (Xeomin�) with Botox�

concluded that the two drugs are similar in their effects on
blepharospasm (Roggenkamper et al., 2006). The likely
reason for the lack of optimal evidence supporting BoNT
use in blepharospasm is that the robust benefits observed
in the initial open-label studies, coupled with the lack of
alternative therapies, discouraged other and better
controlled clinical trials.

Another Class I study, published after the above AAN
report (Simpson et al., 2008), was a multicenter, clinical,
fixed-dose, trial comparing Dysport� (40, 80, and
120 U/eye) with placebo (in a 3:1 randomization ratio) in
119 patients with blepharospasm, 85 of whom completed
the 16-week study (Truong et al., 2008). There was a robust
improvement in Dysport� arms compared to placebo in
several measures. Overall, 80 U of Dysport� seemed to
provide best balance between efficacy and adverse effects,
such as ptosis, blurred vision, diplopia, tearing, and dry
eyes. A Chinese formulation of BoNT/A, termed Prosigne,
has been found in a double-blind, controlled, crossover trial
to be similar in its safety and efficacy to Botox� when
evaluated in 6 patients with blepharospasm and hemifacial
spasm (Rieder et al., 2007). In addition to BoNT/A, BoNT/B
has also been used successfully in the treatment of bleph-
arospasm (and hemifacial spasm), although double-blind
controlled studies in these disorders are lacking (Colosimo
et al., 2003).

Several studies reported improvement in apraxia of
eyelid opening, particularly if associated with or triggered
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by blepharospasm, when the pretarsal orbicularis oculi was
injected (Aramideh et al., 1995; Forget et al., 2002; Jankovic,
1995; Lepore et al., 1995; Cakmur et al., 2002; Dutton and
Fowler, 2007). Injection of the pretarsal portion of the
eyelid or pars ciliaris (also known as Riolan’s muscle) at the
lid margin seems critical for the treatment to be effective in
apraxia of eyelid opening (Inoue and Rogers, 2007).

Whether BoNT is used for blepharospasm with or
without PD or with or without apraxia of eyelid opening,
the average latency from the time of the injection to the
onset of improvement is 3–5 days and the duration of
benefit is usually 3–4 months. Frowning without blepha-
rospasm, as a manifestation of upper facial dystonia, often
seen in parkinsonian patients, particularly those with
progressive supranuclear palsy, can be also effectively
treated with BoNT (Hirota et al., 2008).

2.2. Bruxism

Bruxism is an involuntary movement disorder, man-
ifested by jaw clenching (trismus), tooth gnashing and/or
grinding, that can be classified as a form of focal (oro-
mandibular) dystonia. In contrast to most other dystonias,
bruxism occurs not only in awake individuals, but also
during sleep (nocturnal bruxism) (Bader and Lavigne,
2000). If left untreated it can lead to tooth destruction,
temporomandibular dysfunction (e.g., jaw pain or move-
ment limitation), headaches, and the disruption of the bed
partner’s sleep due to the grinding sounds. Bruxism may be
associated with or caused by parkinsonism, Huntington’s
disease, Tourette’s syndrome, cranial dystonia, tardive
dyskinesia, depression, REM behavior disorder, the use of
medications, such as levodopa, neuroleptics, amphet-
amines, and selective serotonin reuptake inhibitors such as
fluoxetine, sertraline, fluvoxamine and paroxetine, and
substance abuse (e.g., cocaine).

While the use of night guards and other dental appli-
ances and procedures may be helpful, there is no effective
treatment available for bruxism. In one of our studies, 18
patients with severe bruxism were injected with a mean
dose of 61.7�11.1 U (Botox) into each masseter during 123
treatment visits (Tan and Jankovic, 2000). The mean peak
effect on a scale of 0–4 (in which 4 is equal to total abol-
ishment of grinding) was 3.4� 0.9. Only one subject (5.6%)
reported transient dysphagia. In addition to idiopathic or
dystonic bruxism, we have used BoNT in patients with
Huntington’s disease, Tourette’s syndrome, and a variety of
other movement and neurological disorders. When
administered by skilled practitioners BoNT is a safe and
effective treatment for people with severe bruxism.

2.3. Limb dystonia

Although dystonia in PD involves the complete spec-
trum of focal dystonias including blepharospasm, oro-
mandibular dystonia usually manifested by bruxism, the
most typical dystonia present at onset of PD is foot dysto-
nia, which may be the initial manifestation of the disease
(Jankovic, 2005). Abnormal postures, such as the ‘‘striatal
foot’’, with unilateral equinovarus dystonic posture of the
foot and extension of the great toe, and ‘‘striatal hand’’,
with flexion of the metacarpophalangeal joints and
extension of the interphalangeal joints, may be seen in up
to 10% of untreated patients with advanced disease (Ashour
et al., 2005). It is not clear whether these deformities are
forms of focal dystonia or represent joint and skeletal
abnormalities associated with PD (Ashour and Jankovic,
2006). Since levodopa has a variable effect on these
deformities, BoNT has been used to effectively correct the
abnormal postures in cases in which the abnormal invol-
untary contractions have not yet progressed to fixed
contractures (Giladi et al., 1994).

BoNT has been used effectively in treating painful foot
dystonia, typically presenting in patients with PD as a form
of levodopa-related, peak-dose dyskinesia or wearing off-
dystonia (Jankovic and Stacy, 2007). In an open-label pilot
study, PD patients with ‘‘off’’ painful dystonia were treated
injected in the tibialis posterior, tibialis anterior, gastroc-
nemius, flexor digitorum longus, and extensor hallucis
longus muscles with a median dose 40 U (Botox) in each
muscle distributed in two sites (Pacchetti et al., 1995). The
pain improved within 10 days in all patients, and 7 patients
noted an improvement of foot posture on walking. Patients
with PD, progressive supranuclear palsy, corticobasal
degeneration and other forms of parkinsonism (or stroke-
related hemiplegia) occasionally develop secondary fixed
dystonia of the hand (‘‘dystonic clenched fist’’) which may
benefit in terms of pain and hygiene from local BoNT
injections (Cordivari et al., 2001).

BoNT has been established as an effective treatment
modality in mobile forms of dystonia, but it may be at least
partially effective in some patients with striatal hand and
striatal foot and toe deformities, particularly when not
accompanied by fixed contractures (Jankovic, 2004; Giladi
et al., 1994).

2.4. Cervical dystonia

BoNT has long been considered the treatment of choice
in patients with cervical dystonia (Jankovic, 2006a; Molho
et al., 2008). Based on a review of seven Class I studies, the
AAN report concluded that ‘‘BoNT is established as safe and
effective for the treatment of cervical dystonia’’ (Simpson
et al., 2008). There is, however, no Class I evidence that
BoNT is effective in cervical dystonia associated with PD.
While patients with PD often have abnormal neck postures,
there is some controversy whether this abnormality is due
to cervical dystonia, rigidity, a combination of the two or
some other mechanisms (Jankovic and Tintner, 2001;
Ashour and Jankovic, 2006; van de Warrenburg et al.,
2007). Furthermore, neck flexion (anterocollis), the most
common abnormal neck posture associated with parkin-
sonism, particularly PD and multiple system atrophy, is
often excluded from cervical dystonia trial studies of BoNT.
This is apparently due to the belief that anterocollis is
usually difficult to treat with BoNT and is often associated
with dysphagia due to bilateral injection of sternocleido-
mastoid and scalenus muscles. We have found that when
the involved muscles are injected with an appropriate
dosage that the anterocollis can be successfully treated
with minimal or no adverse effects (Figs. 1 and 2). In some
cases of anterocollis, the longus colli may be involved and



Fig. 2. Patient’s anterocollis markedly improved within 4 weeks after
treatment with BoNT (Botox� 75 U in the right and 50 U in the left scalene).
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their injection with imaging guidance can produce safe and
effective relief of the neck flexion (Herting et al., 2004). We
also found in early stages of development of BoNT in the
treatment of cervical dystonia, that contractions of the
submental muscle complex may contribute to anterocollis,
in many cases, an injection of this region, with or without
concomitant injection of the sternocleidomastoid and
scalenus muscles, often results in marked improvement in
the abnormal neck flexion. This approach, however, must
be undertaken with great caution as dysphagia and aspi-
ration pneumonia may complicate this treatment. In
contrast to anterocollis, retrocollis is relatively safe and
easy to treat by injecting the posterior neck muscles
(Papapetropoulos et al., 2007).

2.5. Axial dystonia and camptocormia

Axial dystonia, which may be manifested as cervical
dystonia in a form of torticollis, laterocollis or anterocollis
(bent spine) or an abnormal posture of the trunk causing
scoliosis, kyphosis, camptocormia, pisa syndrome, or any
combination of these abnormal postures, is a common
cause of physical and social handicap in patients with PD
Fig. 1. (A, B) Patient with PD and severe anterocollis (before BoNT).
(Jankovic, 2008; Ashour and Jankovic, 2006). BoNT has
been used in the treatment of axial postural abnormalities,
including scoliosis, with variable success. In one study, six
of nine patients with lateral axial dystonia (scoliosis)
reported benefit as indicated by improvement in the Trunk
Dystonia Disability Scale and visual analog scale after EMG-
guided injection of 500 U of Dysport� into paraspinal
muscles at the level of L2–L5 on the side of the trunk flexion
(Bonanni et al., 2007).

Originally considered a psychogenic disorder in World
War I and II soldiers, camptocormia, manifested by an
abnormal posture of the trunk with marked flexion of the
thoracolumbar spine, is associated with multiple etiologies,
such as PD, dystonia, and possible extensor myopathies
(Azher and Jankovic, 2005; Lepoutre et al., 2006; Bloch
et al., 2006; Melamed and Djaldetti, 2007). The abnormal
flexion of the trunk is often associated with a subjective
feeling of ‘‘pulling’’ and clinical or EMG evidence of active
contraction of the rectus abdominus. Despite the severe
flexion of the trunk, patients with dystonic camptocormia
can straighten their trunk when lying down or when they
climb up the wall with their hands.

The conventional anti-PD medications and anti-
spasticity agents are rarely beneficial in the treatment of
camptocormia and, therefore BoNT and other strategies
including deep brain stimulation (Hellmann et al., 2006)
have been investigated in the treatment of this troublesome
condition. In the report by Azher and Jankovic (2005), 9 of 11
patients received BoNT injections (300–600 U of Botox� per
treatment visit) into the rectus abdominus for their camp-
tocormia with notable improvement (Figs. 3 and 4). This
effect lasted for about three months after each injectionwith
a mean duration of maximal response in three patients of
10� 6 weeks. In contrast to the benefits observed in
camptocormia with injection of the rectus abdominus,
ultrasound-guided injection of the iliopsoas muscle with
BoNT was not effective (von Coelln et al., 2008).
3. Tremor

Although hand rest tremor is one of the most recog-
nizable features of PD, it is its re-emergence when the hand



Fig. 3. Patient with PD and camptocormia.
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is held in a postural position, the so called re-emergent
tremor, that often interferes with the ability to hold objects
such as newspaper or a cup, and is more troublesome for
patients with PD than the typical rest tremor (Jankovic
et al., 1999). While levodopa and other anti-PD treatments
are usually effective in improving this cardinal feature of
PD, other treatment such as BoNT and deep brain stimu-
lation must be considered in patients who fail to obtain
satisfactory relief (Diamond and Jankovic, 2006).
Fig. 4. Patient’s camptocormia markedly improved after treatment with
BoNT (Botox� 200 U in each rectus abdominus).
Two double-blind, placebo-controlled studies demon-
strated that BoNT was safe and effective in the treatment of
essential tremor (Jankovic et al., 1996; Brin et al., 2001).
Both studies showed reduction in the amplitude of the
tremor with BoNT, but the treatment was complicated by
high frequency of extensor finger weakness. As a result, we
have modified our protocol and have markedly decreased
the dosage in the forearm extensor muscles or completely
omit injections into these muscles. This has resulted in
marked reduction of finger weakness without compro-
mising the benefits.

Some studies have also showed benefit in patients
with other types of tremor, including PD-related tremor
(Jankovic and Schwartz, 1991; Trosch and Pullman, 1994;
Henderson et al., 1996). In one open-label study (Trosch
and Pullman, 1994) of severe hand tremors, BoNT was
injected into forearm and arm muscles in 26 patients of
which 12 had PD and 14 had essential tremor. At six weeks
after injection, 10 patients (38%; five PD and five essential
tremor) reported moderate to marked subjective
improvement in functional benefit. Only patients with
essential tremor, however, showed statistically significant
improvement when pre- and post-injection scores were
compared on the Webster Tremor and Global Disability
Scales. In 2 of 12 (17%) PD and 3 of 14 (21%) ET patients,
more than 50% reduction measured by accelerometry was
found after BoNT injections. Further studies are needed to
demonstrate efficacy of BoNT in patients with PD-related
tremor. Such studies may also provide insights how to
improve the treatment protocol. For example, in some
patients with prominent pronating–supinating component
of the hand tremor, the biceps muscles may need to be
injected in addition to the wrist and finger flexors.

In addition to hand and foot tremor, PD patients often
experience tremors in the lips, chin and lower jaw (Hunker
and Abbs, 1990; Erer and Jankovic, 2007). In an open-label
pilot study (Schneider et al., 2006), Dysport� was injected
with a mean dosage of 53 U (range: 30–100 U) into each
masseter muscle with marked improvement in jaw tremor
in 3 PD patients, demonstrated by subjective and clinical
outcome assessments including video recording before and
at 4–9 weeks after injections. The effect lasted 3–4 months
in each patient, at which point injections were repeated
with the same dosages with similar benefit in all three
patients. The patients experienced no side effects including
no complaints of dry mouth.

4. Freezing of gait

Freezing of gait (FOG) is a debilitating phenomenon in
which a patient is suddenly unable to initiate gait or
continue ongoing movements, particularly walking
through a narrow passage, turning, or stressful situations
(Jankovic, 2008; Giladi et al., 2001b). The mechanism of
FOG is not well understood but since it responds poorly to
levodopa, this PD symptom has been thought to be medi-
ated by non-dopaminergic mechanisms, including damage
to the brainstem pedunculopontine nucleus (Kuo et al.,
2008). Denny Brown (1958) proposed that freezing repre-
sented a dystonic, disinhibited foot grasp, but this
hypothesis is not universally accepted.
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The possibility that FOG is partly due to involuntary
contractions in distal legs and feet has led to clinical trials
of BoNT in the treatment of this disabling symptom in
patients with PD and other parkinsonian disorders. While
the initial reports were encouraging (Giladi and Honigman,
1997; Giladi et al., 2001a), subsequent studies showed little
or no benefit of BoNT on FOG (Fernandez et al., 2004;
Gurevich et al., 2007; Wieler et al., 2005). In a pilot study of
10 parkinsonian patients (Giladi et al., 2001a) up to 300 U
of BoNT (Botox�) was injected into the gastrocnemius and
soleus muscles of each patient, bilaterally in half and
unilaterally in half of the subjects. Some of these patients
also had foot dystonia and they were additionally injected
in other muscles including the tibialis posterior and
extensor hallucis longus muscles. One patient was injected
in a single blind fashion with saline after he had an initial
good response to BoNT. Response of FOG was assessed by
patients with a subjective rating from worsening (�1) to
marked improvement (þ3). Seven patients reported
improvement in FOG severity in 15 out of 17 therapeutic
sessions. There was marked (þ3) improvement in four
patients (40%) in five sessions, and two patients reported
no effect in 2 sessions. The patient who was injected in
a single blind fashion did not respond to saline injections
but improved with BoNT treatment. The mean duration of
improvement was six weeks (range 1–12 weeks) with
definite deterioration afterward.

These encouraging results, however, could not be
reproduced by subsequent double-blind, placebo-
controlled studies (Fernandez et al., 2004; Gurevich et al.,
2007; Wieler et al., 2005). In the first study (Fernandez
et al., 2004), 18 patients with PD and FOG were randomized
to receive 5000 U of botulinum toxin B (Myobloc�) treat-
ment or placebo into the soleus–gastocnemius complex of
the clinically most affected leg or the side where PD
symptoms first occurred if both legs were affected equally.
Using a seven point Clinical Global Impression Scale, only
one patient was much improved; there was no significant
difference between the treatment and placebo groups in
the UPDRS parts II and III concerned with freezing, a visual
analog scale of improvement, or the Webster Step-Seconds
Test. In the second study (Wieler et al., 2005), 12 subjects
with PD and FOG were studied in a crossover design.
A movement disorders specialist administered 200–300 U
of BoNT/A with two injections into each of the medial
and lateral heads of gastrocnemius and two into soleus
under EMG guidance. Three subjects reported subjective
improvement from BoNT with two reporting a decrease
in FOG frequency, but there were no differences between
the BoNT and placebo groups in any of the primary or
secondary measures. A third double-blind, placebo-
controlled study involving 11 patients with FOG also
failed to show any benefit with BoNT injections into calf
muscles and was terminated due to increased falls
(Gurevich et al., 2007).

5. Sialorrhea

Sialorrhea (drooling), a common symptom of PD
affecting approximately 75% of patients, can cause consid-
erable social handicap, irritation of skin around the mouth,
infection and other problems (Jankovic, 2008). After col-
lecting un-stimulated saliva over a 5-min period, patients
with PD were found to produce less saliva than normal
control subjects and the production of saliva did not
correlate with the severity of PD; women with PD produced
less saliva than men with PD (Proulx de Courval et al., 2005;
Tumilasci et al., 2006). These findings suggest that sialor-
rhea in PD patients is not due to increased saliva produc-
tion, but to dysregulation of salivary function possibly due
to involvement of the salivary parasympathetic ganglia,
coupled with impaired swallowing, possibly secondary to
the involvement of motor nucleus of vagus, degeneration of
the myenteric plexus in the esophagus, and flexed posture
(Pinnington et al., 2000).

Among the treatments for sialorrhea in patients with
PD, muscarinic antagonists, amantadine, and tricyclic
antidepressants are frequently used (Tscheng, 2002), but
several studies have provided evidence that BoNT may be
the treatment of choice for sialorrhea associated with PD
and other disorders with bulbar dysfunction, such as
amyotrophic lateral sclerosis, cerebral palsy, posttraumatic
encephalopathy, and bilateral strokes (Jost, 1999; Friedman
and Potulska, 2001; Mancini et al., 2003; Racette et al.,
2003; Nóbrega et al., 2007; Ondo et al., 2004; Lagalla
et al., 2006; Santamato et al., 2008; Molloy, 2007; Dogu
et al., 2004; Pal et al., 2000). Ultrasound-guided injection
may improve the efficacy of BoNT treatment for sialorrhea
(Dogu et al., 2004).

In a double-blind, placebo-controlled study of 20
patients (14 with PD and six with multiple system atrophy)
(Mancini et al., 2003), Dysport� 450 U was injected into the
parotid and submandibular glands under ultrasound
guidance. One week later the Dysport� group showed
a significant (p< 0.05) reduction in drooling compared to
both its own baseline value and to the placebo group as
measured by drooling severity and frequency scales. No
adverse events were reported during the study. In a study
of a heterogeneous cohort of 32 patients with severe
drooling (12 with bulbar amyotrophic lateral sclerosis, 12
with PD, 4 with multiple system atrophy, and 4 with cor-
ticobasal degeneration), patients were randomized into
one of four treatment groups: placebo, 18.75 U, 37.5 U, or
75 U of BoNT (Lipp et al., 2003). BoNT was injected into
each parotid gland with two injections: one injection into
the mass of the gland and another into the adjacent part
above the masseter muscle. Measurements were made
objectively using dental rolls every four weeks. Subjective
patient measurements included pressing a counter every
time they did sialorrhea-related acts (e.g., wipe, spit, or
intentionally swallow saliva) and assessing their quality of
daily life. A significant (p< 0.05) saliva reduction of
approximately 50% was observed with the 75 U BoNT group
compared to placebo. Data from 24 patients showed that
12 of 18 BoNT-treated patients counted less drooling, but
only the 75 U dose treated patients reached statistical
significance (p< 0.05). None of the subjective measures
showed significant differences between placebo and BoNT-
treated patients. In another double-blind, randomized,
placebo-controlled study, 32 patients with PD were
randomly assigned to receive either 50 U of BoNT (Botox�)
or 0.9% saline solution (placebo) into each parotid gland
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(Lagalla et al., 2006). The BoNT-treated patients showed
a significant (p< 0.0001) improvement in almost all
subjective measures of drooling impact at the one month
assessment compared to baseline, while patients in the
placebo group remained unchanged. At one month post-
treatment, 37% of BoNT-treated patients scored lower than
2 on the UPDRS-ADL drooling item, compared with 6% of
patients in the placebo group. In 14 (88%) of the 16 BoNT-
treated patients compared with only five (31%) of 16
placebo-treated patients, the patients declared that they
were satisfied with their treatment and would be willing to
receive repeated injections. Objective evaluation of saliva
production showed that it was significantly (p< 0.0001)
reduced after BoNT treatment, but did not change after
placebo treatment.

In a pilot study with Myobloc� (Racette et al., 2003),
nine subjects with parkinsonism were injected with 1000 U
into each parotid gland for a total of 2000 U. Measurements
included a subjective visual analog scale and weighing of
dental pads placed in the mouth for 5 min. Three weeks
after injections, patients reported subjective drooling using
a visual analog scale. Subjective improvement averaged
61% and there was a non-significant trend toward a reduc-
tion in objectively measured saliva production. In a double-
blind, placebo-controlled, parallel-group trial of 16 patients
with PD a total of 2500 U of Myobloc� was injected into the
parotid and submandibular glands (1000 divided at two
sites into each parotid gland and 250 at one site into each
submandibular gland) (Ondo et al., 2004). The injections
were placed just dorsal to the masseter muscle (parotid
gland) and one location just anterior and medial to the
genu of the mandible (submandibular gland). Salivary
gland imaging was also done using a standard method with
IV injection of 99mTc-pertechnetate. At one month after
injection, those randomized to receive Myobloc� reported
a significant (p< 0.05) improvement on the global
impression of change, Drooling Rating Scale, Drooling
Severity and Frequency Scale and visual analog scale,
compared to those receiving placebo. Baseline-quantified
scintography scans varied tremendously, but four of six
subjects on active treatment showed a >33% reduction in
tracer uptake (reduced saliva production), whereas only
two of seven on placebo had a similar improvement. Other
studies provided evidence that BoNT/B may be more
effective than BoNT/A in treating sialorrhea as dry mouth
was significantly more frequently noted in patients treated
for cervical dystonia with BoNT/B as compared to BoNT/A
(Tintner et al., 2005). Patients treated with Myobloc� had
significantly less saliva production (p< 0.01) than those
treated with Botox�, but did not differ with respect to other
tests of autonomic function including changes in blood
pressure, heart rate and ocular function.

The overall results of these studies suggest the three
types of BoNT, Botox�, Dysport�, Myobloc�, are useful for
the treatment of sialorrhea in PD. The potential adverse
effects include dysphagia and xerostomia, but these and
other side effects are transient and can be prevented with
subsequent treatments by adjusting dosage or using
different technique. The best dose and methodology
(ultrasound guided or not and parotid vs. parotid and
submandibular) still needs to be determined, but since ‘‘dry
mouth’’ is one of the most frequent complications of
treatment with Myobloc�, we consider this form of BoNT as
the treatment of choice for sialorrhea. However, although
clearly effective in the treatment of sialorrhea as well as
other conditions, Myobloc� appears to be associated with
relatively high antigenicity, particularly in patients who
have developed blocking antibodies to BoNT/A (Jankovic
et al., 2006).

6. Dysphagia (achalasia)

Swallowing difficulties (dysphagia) are well recognized
in patients with PD and may in part contribute to sialor-
rhea, as noted above. Possible reasons for dysphagia in PD
include: degeneration of the motor nucleus of vagus, Lewy
bodies in myenteric plexus in the esophagus, flexed neck
posture, and achalasia (Pinnington et al., 2000). Achalasia,
manifested by repetitive, spontaneous contractions of the
proximal esophagus and failure of the lower esophageal
sphincter to relax during swallowing, has been docu-
mented in some patients with PD (Johnston et al., 2001).
Several studies have demonstrated the beneficial effects of
BoNT injections into the lower esophageal sphincter in the
treatment of achalasia, particularly in patients who are not
candidates for surgery or balloon dilatation (Blitzer and
Brin, 1997; Eaker et al., 1997; Pasricha et al., 1995; Pohl and
Tutuian, 2007; Schiano et al., 1998).

7. Seborrhea

Although there are no studies demonstrating efficacy of
BoNT in seborrhea, a common dermatological disorder
associated with PD, we have previously reported that BoNT
is effective in the treatment of acne (Diamond and Jankovic,
2006). We postulated that BoNT inhibits comedogenesis by
interrupting cholinergic transmission between autonomic
nerve terminals and secretory glands or by some yet
unknown anti-inflammatory effects. Since seborrheic
dermatitis may be seen in conjunction with other skin
diseases, such as rosacea, blepharitis or ocular rosacea, and
acne vulgaris (Gupta et al., 2003), it is possible that PD-
related seborrhea may also respond to BoNT.

8. Hyperhidrosis

Many patients with PD complain of excessive sweating
and ‘‘drenching sweats’’ have been suggested as evidence
of dysautonomia in PD. Sweating dysfunction, hyperhi-
drosis, and to a lesser extent hypohidrosis, were reported
by 64% of patients with PD as compared to 12.5% of controls
(p< 0.005) (Swinn et al., 2003). These symptoms did not
correlate with the severity of the disease, but occurred
most frequently during the ‘‘off’’ periods and during ‘‘on
with dyskinesia’’ periods. Because the sudomotor skin
response was reduced in the palms, axial hyperhidrosis
has been suggested to be a compensatory phenomenon
for reduced sympathetic function in the extremities
(Schestatsky et al., 2006). Sweating may be a particularly
troublesome symptom during wearing off (Pursiainen
et al., 2007).
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Although BoNT has not been studied in sweating
disorders associated with PD, this treatment has been
found to be effective in the treatment of essential hyper-
hidrosis. Essential hyperhidrosis, defined as excessive
sweating of the palms, feet or axillae, affects about 2.5% of
the population (Murray et al., 2007). Several well-designed
trials have demonstrated efficacy of intradermal injection
of BoNT in focal hyperhidrosis (Solish et al., 2007; Nau-
mann et al., 2008). Based on a review of two Class I studies
of BoNT in axillary hyperhidrosis, the Therapeutics and
Technology Assessment Subcommittee of the AAN
concluded that there is level A evidence for the recom-
mendation that BoNT should be offered as a treatment
option for axillary hyperhidrosis (Naumann et al., 2008).

9. Overactive bladder

BoNT is also being increasingly used in the treatment of
bladder and other genitourinary disorders, often affecting
patients with PD (Apostolidis and Fowler, 2008). One
survey found that over one fourth of men with PD had
urinary difficulty, particularly urinary urgency (Araki and
Kuno, 2000). An increasing number of reports provide
evidence that BoNT injections into the bladder wall is an
effective treatment in increasing the bladder capacity, and
improving urge and incontinence in patients with over-
active bladder associated with neurogenic and idiopathic
detrusor overactivity (Patel et al., 2006). Other genitouri-
nary indications for BoNT treatment include voiding
dysfunction due to benign prostatic hypertrophy (Chuang
and Chancellor, 2006). Based on a review of two Class I
studies of BoNT in neurogenic detrusor overactivity, the
Therapeutics and Technology Assessment Subcommittee of
the AAN concluded that there is level A evidence for the
recommendation that BoNT should be offered as a treat-
ment option for this urinary disorder (Naumann et al.,
2008).

10. Constipation

Constipation, up to 5 times more common in PD than
the general population, is regarded as one of the most
troublesome non-motor symptoms of PD (Pfeiffer, 2003).
The mechanism of constipation in PD is not well under-
stood, but may be due to either slow-transit or to outlet
obstruction, possibly related to involvement of the myen-
teric plexus in the intestinal wall (Sakakibara et al., 2003).
Anismus (constipation due to functional obstruction at the
pelvic outlet by paradoxical contraction of the striated
sphincter muscles during defecation straining) has been
suggested to represent a form of focal dystonia and has
been considered as a possible etiology of constipation in PD
(Mathers et al., 1988)

Several open-label studies demonstrated the beneficial
effects of BoNT anal injections in the treatment of con-
stipation associated with PD. In a pilot study involving 10
PD patients with isolated or prominent outlet-type con-
stipation were injected with BoNT in the puborectalis
muscle (two sites on either side of the muscle) under
transrectal ultrasonographic guidance (Albanese et al.,
2003). The total dose per session was 100 U. At one month
after treatment, anal tone, as assessed with anorectal
manometry during straining, was reduced from 97.4�
19.6 mm Hg at baseline to 40.7�11.5 mm Hg. In another
open-label study of 10 of 18 PD patients with outlet
constipation noted symptomatic improvement two
months after 100 U of BoNT was injected using transrectal
ultrasonograpy perineally into two sites on either side
of the paradoxically contracting puborectalis muscle
(Cadeddu et al., 2005). Anorectal manometry demon-
strated decreased tone during straining from 96.2�17.1 to
45.9�16.2 mm Hg at one month evaluation, and to
56.1�10.7 mm Hg at two months. Additional patients
improved when they were re-injected with 200–300 U of
BoNT. Further studies, particularly double-blind, placebo-
controlled, trials are needed to confirm the efficacy and
safety of BoNT in the treatment of PD-related constipation.

11. Conclusion

Botulinum toxin injections can play many useful roles in
the treatment of patients with PD. Similar considerations
might be given to difficult to treat symptoms in other
neurological disorders.
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