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ABSTRACT

Objective: To perform an evidence-based review of the safety and efficacy of botulinum neuro-
toxin (BoNT) in the treatment of adult and childhood spasticity.

Methods: A literature search was performed including MEDLINE and Current Contents for thera-
peutic articles relevant to BoNT and spasticity. Authors reviewed, abstracted, and classified arti-
cles based on American Academy of Neurology criteria (Class I–IV).

Results: The highest quality literature available for the respective indications was as follows: adult
spasticity (14 Class I studies); spastic equinus and adductor spasticity in pediatric cerebral palsy
(six Class I studies).

Recommendations: Botulinum neurotoxin should be offered as a treatment option for the treat-
ment of spasticity in adults and children (Level A). Neurology® 2008;70:1691–1698

GLOSSARY
BoNT � botulinum neurotoxin; CP � cerebral palsy; FDA � Food and Drug Administration; SNAP � synaptosomal-associated
protein; VAMP � vesicle-associated membrane protein.

INTRODUCTION Pharmacology and immunology
of botulinum toxin. Botulinum neurotoxin
(BoNT) is a microbial protein that exists in seven
serotypes, designated A through G. Although the
individual serotypes are immunologically dis-
tinct, all members of the group possess similar
subunit structures, act on the same target organs,
and produce similar functional outcomes.1,2 Each
molecule is typically released from bacteria as
part of a noncovalent complex with other pro-
teins. These auxiliary proteins do not play a role
in the therapeutic actions of the toxin, but they
may be involved in its undesirable effects.

BoNT is an enzyme that acts in the cytosol of
nerve endings to cleave three polypeptides that
govern exocytosis. Serotypes A and E cleave
synaptosomal-associated protein (SNAP)-25, se-
rotypes B, D, F, and G cleave vesicle-associated
membrane protein (VAMP), and serotype C

cleaves both syntaxin and SNAP-25.3,4 The ability
of BoNT to block acetylcholine release at neuro-
muscular junctions accounts for its therapeutic
action to relieve dystonia, spasticity, and related
disorders. The toxin has additional therapeutic
benefits, not necessarily related to neuromuscular
transmission. These include 1) blockade of acetyl-
choline release at autonomic nerve endings and 2)
blockade of transmitter release at peripheral
nerve endings that use mediators other than ace-
tylcholine. In addition to peripheral effects of
BoNT, indirect effects on the spinal cord and
brain that result from changes in the normal bal-
ance of efferent and afferent signals may also oc-
cur. Both the direct and indirect actions of the
toxin are largely or completely reversible.

Undesirable effects associated with adminis-
tration of BoNT fall into three broad categories.
First, diffusion of the toxin from the intended
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M.G.), CHU Henri Mondor, Créteil, France; Department of Orthopaedic Surgery (H.K.G.), Royal Children’s Hospital, Victoria, Australia;
Toronto Western Hospital (J.M.M.), Ontario, Canada; Department of Neurology (M.N.), Klinikum Augsburg, Germany; Shriners Hospital
for Children (B.R.), Portland, OR; Jefferson Medical College (L.L.S.), Philadelphia, PA; and Stanford University (Y.S.), CA.

Approved by the Therapeutics and Technology Assessment Subcommittee on March 31, 2007; by the Practice Committee on July 12, 2007;
and by the AAN Board of Directors on January 30, 2008.

The Mission Statement, Conflict of Interest Statement, Subcommittee and Panel members, AAN classification of evidence, and Classification
of recommendations are available as supplemental data on theNeurology� Web site at www.neurology.org.

Endorsed by the American Academy of Physical Medicine and Rehabilitation on March 14, 2008.

Disclosure: Author disclosures are provided at the end of the article.

Address correspondence and
reprint requests to the
American Academy of
Neurology, 1080 Montreal
Ave., St. Paul, MN 55116
guidelines@aan.com

See pages 1699 and
1707

SPECIAL ARTICLE

Copyright © 2008 by AAN Enterprises, Inc. 1691



sites of action can lead to unwanted inhibition of
transmission at neighboring nerve endings. Sec-
ond, sustained blockade of transmission can pro-
duce effects similar to anatomic denervation,
including muscle atrophy. The third undesirable
effect is immunoresistance to BoNT.5 Resistance
results from the development of circulating anti-
bodies that bind to the heavy chain and prevent
its association with nerve membranes, thus pre-
venting internalization of the enzymatically active
light chain. Auxiliary proteins in the toxin com-
plex could act as adjuvants to stimulate the im-
mune response to the toxin in keeping with the
lower incidence of immunoresistance associated
with the decreased proportion of nontoxin pro-
tein in clinical preparations.6

As of January 2008, two BoNT serotypes (A
and B) are Food and Drug Administration (FDA)
approved for clinical use in the United States. Bo-
tox® is approved for the treatment of strabismus,
blepharospasm, cervical dystonia, axillary hyper-
hidrosis, and glabellar lines, and Myobloc® is ap-
proved for cervical dystonia. There are broader
regulatory approvals in Europe, including focal
adult spasticity. Other serotypes of BoNT are be-
ing evaluated in clinical trials. BoNT-A is mar-
keted as Botox® (Allergan, Inc.), Dysport® (Ipsen
Limited), a Chinese formulation, Hengli (Lan-
zhou Institute of Biologic Products), and Xe-
omin® (Merz Pharmaceuticals), while BoNT-B is
marketed as Myobloc® (Solstice Neurosciences,
Inc.), also called Neurobloc® in some countries.
Within BoNT-A brands, there are differences in
potency among Botox®, Xeomin®, and Dysport®

that require differences in dosages.
Controversy surrounds the definition of BoNT

potency. The standard unit of BoNT potency is
derived from the mouse lethality assay, in which 1
mouse unit is defined as the amount of BoNT that
kills 50% of mice when injected intraperitoneally
(i.e., LD50). However, the assay methodology
varies among manufacturers, making dose com-
parison difficult. Furthermore, it is difficult to ex-
trapolate animal data to potency in humans,
given the relative lack of head-to-head studies of
different BoNT preparations. With these limita-
tions, cross-study comparisons have resulted in
relative dose equivalents of Botox®: Dysport®:
Myobloc® of approximately 1:3–4:50–100. How-
ever, given the high range of intra- and interpa-
tient variability, doses must be established for
each BoNT preparation for individual patients.7

Both basic science and clinical studies indicate
that BoNT-A has a longer duration of action than
BoNT-B.8

DESCRIPTION OF THE ANALYTICAL PRO-
CESS The literature search used MEDLINE and
Current Contents for relevant, fully published,
peer-reviewed articles up to April 2007 and was
supplemented through manual searches by panel
members. The search terms used were botulinum
toxin and movement disorders, dystonia, tics,
tremors, hemifacial spasm, blepharospasm, cere-
bral palsy, spasticity, autonomic, Frey’s syn-
drome, sweating, hyperhydrosis, drooling,
headache, back pain, pain, laryngeal disorders,
dysphonia, and urologic disorders. The following
criteria were used: 1) relevant to the clinical ques-
tions of efficacy, safety, tolerability, or mode of
use; 2) limited to human subjects; 3) limited to
therapeutic studies. Abstracts, reviews, and meta-
analyses were excluded.

The panel was comprised of specialists with
experience in the therapeutic use of BoNT for the
indications under consideration or with expertise
in guideline methodology. Each article was re-
viewed by at least two panelists who did not par-
ticipate in the trial reported. The articles were
classified as Class I through IV using the AAN
guideline process (see AAN classification of
evidence for therapeutic intervention on the Neu-
rology® Web site at www.neurology.org.). Dis-
agreements on article classification were resolved
by discussion and consensus.

Since the different preparations of BoNT have
different potencies and durations of action, and
there are insufficient head-to-head comparison
data to compare their clinical effects, the serotype
and brand of BoNT used in specific studies are
provided in the evidence tables, but the text dis-
tinguishes their effects only when the data are suf-
ficient to do so, or when referring to specific
dosages. The current article reviews the use of
BoNT for the following indications: adult spastic-
ity and spasticity in pediatric cerebral palsy. Two
companion articles review the use of BoNT for
other conditions: one on headache, back pain, au-
tonomic, and urologic disorders,9 and another on
selected movement disorders, including blepharo-
spasm, hemifacial spasm, cervical dystonia, focal
limb dystonia, laryngeal dystonia, and tics and
tremor.10 While brief mention is made of other
treatments for the covered indications, discussion
of detailed evidence supporting their efficacy is
beyond the scope of this article.

ANALYSIS OF EVIDENCE Spasticity in adults.
Spasticity results from diverse etiologies including
stroke, trauma, multiple sclerosis, and neoplasm
involving the CNS. Reduction in function is re-
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lated to at least three factors: muscle weakness,
soft tissue contracture, and muscle overactivity.
BoNT in a spastic muscle should, in theory, affect
each of these mechanisms of impairment as fol-
lows: 1) by reducing spastic co-contraction (inap-
propriate antagonistic co-activation during
volitional command on an agonist); 2) by decreas-
ing spastic dystonia (stretch-sensitive tonic mus-
cle contraction, in the absence of volitional
command) of the injected muscle; 3) by contribut-
ing to ease the stretch and lengthening of the in-
jected muscle; and 4) by helping to increase
antagonist torque.

Treatment options for spastic paresis in-
clude physical and occupational therapy, brac-
ing/splinting, tizanidine, benzodiazepines, oral
or intrathecal baclofen, tendon release, and rhi-
zotomy. Most clinical trials of BoNT in the
treatment of adult spasticity have emphasized
changes in resistance to passive movement (i.e.,
muscle tone). While active (i.e., voluntary)
functional improvement with BoNT is reported
in case series and frequently observed in clinical
practice, there is no consensus on appropriate
outcome measures for active function. BoNT
has been approved for adult and childhood
spasticity by regulatory agencies in many Euro-
pean countries, but has not yet been approved
for these indications in the United States by the
FDA.

Upper extremity spasticity. There are 11 Class I ef-
ficacy trials in adult upper extremity spasticity, with
10 utilizing BoNT-A and one BoNT-B (table e-1 on
the Neurology® Web site at www.neurology.
org).11-21 All but one used measurements of tone as
the primary outcome measure. All demonstrated
that BoNT is safe and reduced tone in a dose-
dependent manner.14,15,17,20,22 Global satisfaction
scores reported by subjects, family members, or
clinicians showed benefits of BoNT. Recent open
label trials suggest that benefits continue to occur
after repeated injections.23,24 However, resistance
to passive movement has not been shown to cor-
relate with active function, defined as activities
that the subject can voluntarily perform with the
spastic limb. Although no Class I studies of BoNT
in the spastic upper limb focused on active func-
tional gains as a primary outcome measure, func-
tional assessment measures have been used as
secondary outcome measures.

Class I studies incorporating subjective assess-
ments of daily function by the patient or caregiver
have shown functional improvement following
BoNT injection in the spastic upper limb.12,14,15,17

These reports usually emphasize passive func-

tion, such as tasks involving the nonaffected
hand or dressing or hygiene performed by the
caregiver. One Class I study found that BoNT
produced significant improvement in the Dis-
ability Assessment Score, which combines re-
ports of passive and active function.18 In this
scale, the subject and the site investigator chose
a target area of outcome assessment of personal
hygiene, dressing, pain, or limb position and
rated the area using a four-point scale ranging
from no to severe disability. Although direct as-
sessments of functional tasks by a clinician
have the advantage of greater objectivity and
permit selective testing of active func-
tion,14,15,17,21 significant gains were reported in
only one Class I study measuring active func-
tional testing in adult upper limb spasticity.21

Lower extremity spasticity. Three trials fulfilled
criteria for Class I evidence17,25,26 (table e-2). Most
studies focused on reduction in muscle tone with
demonstrated efficacy, but only few measured
changes in gait, particularly velocity. One
placebo-controlled crossover protocol22 reported
a nonsignificant 17% increase in walking speed
after BoNT injection into calf muscles in spastic
hemiparesis. Class I placebo-controlled studies
have so far failed to demonstrate gains in walking
speed.17,21 Reports suggest that protocols of low
frequency electrical stimulation of injected mus-
cles after injection enhance the blocking effect of
BoNT,27 and in particular improve the benefit on
walking speed after calf muscle injection.28 In a
double-blind, placebo-controlled, crossover
study, patients with multiple sclerosis and severe
spasticity of thigh adductors receiving BoNT-A
(400 U) in hip adductor muscles had functional
gain, specifically easier nursing care, and better
comfort when sitting in a wheelchair.29

Most studies of BoNT in limb spasticity used
electrophysiologic techniques to optimize muscle
localization for injection, analogous to focal limb
dystonia. The most common approaches involve
electrical stimulation or EMG. While these tech-
niques are intuitively attractive, there is a lack of
controlled or comparative studies in spasticity
proving their effectiveness over other injection
techniques, such as needle localization with ana-
tomic landmarks. Recommended doses of BoNT
injection into specific muscles have been derived
predominantly from expert consensus rather than
dose-response studies.

Conclusions. BoNT is established as effective in
the treatment of adult spasticity in the upper and
lower limb in reducing muscle tone and improv-
ing passive function (14 Class I studies). While
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relatively few studies examined active function,
recent data suggest that BoNT is probably effec-
tive in improving active function (one Class I
study). There are inadequate data to determine if
electrical stimulation or EMG techniques for op-
timal muscle localization improves outcome.

Recommendations
• BoNT should be offered as a treatment op-
tion to reduce muscle tone and improve pas-
sive function in adults with spasticity (Level
A), and should be considered to improve ac-
tive function (Level B).

• There is insufficient evidence to recommend
an optimum technique for muscle localiza-
tion at the time of injection (Level U).

Clinical context. There are no controlled studies
comparing BoNT to other treatment modalities
for spasticity. There is also a need to confirm effi-
cacy for active function in controlled trials. This
will require solving methodologic challenges of
study design, including enrollment criteria that
provide more homogeneous etiologies and de-
grees of severity of spastic paresis, and outcome
measures adequate to demonstrate active motor
function.

Spasticity due to cerebral palsy in children. Cere-
bral palsy (CP) is a disorder of movement and
posture as a result of a CNS abnormality. Mus-
cle hypertonia, coupled with growth of a child,
can lead to fixed contractures, torsional defor-
mities of long bones, and joint instability,
which further impair the child’s motor perfor-
mance. Treatment options for childhood CP in-
clude physical and occupational therapy,
splinting/casting, and surgical approaches, such
as tendon release and selective dorsal rhizot-
omy. Early studies suggested that BoNT injec-
tions could be used as an alternative treatment
for an equinus varus deformity and obviate the
need for surgery prior to gait maturity. Since

that time, over 80 articles have been published
discussing the use of BoNT-A in the manage-
ment of CP.

Spastic equinus. Four Class I studies30-33 of BoNT
injection into the gastrocnemius improved gait
over 1 to 3 months (table e-3). The optimal dos-
age for different body weight and age range has
not been established. One Class I32 and two Class
II studies34,35 evaluated the efficacy of different
doses. In all three studies, the highest dose was
most effective (24 or 30 U/Kg Dysport®, or 200 U
Botox® regardless of weight). Several randomized
single-blind studies compared the effect of ankle
casting to BoNT injections in a small number of
children.36-41 Casting did not provide additional
benefit (table e-3).

Hamstrings. Two small open-label studies
(Class IV) found modest improvement in either
gait kinematics or hamstring length with BoNT
injection into the hamstrings.42,43

Adductor spasticity. One Class I44 study using
BoNT injection into the adductors and medial
hamstrings showed an average improvement in
knee-to-knee distance of about 9 cm (p � 0.002)
and decrease in adductor spasticity on modified
Ashworth scale of 2 (p � 0.001). Another Class I
study45 evaluated the need for postoperative pain
control in children undergoing adductor muscle
lengthening. There was a 74% reduction in post-
operative pain (p � 0.003) and 50% less analgesic
use (p � 0.005) when comparing BoNT-treated
children to the placebo group.

Upper extremity spasticity. Goals for injection of
the upper limb include the relief of spastic postur-
ing and improvement in upper limb function.
Two small Class II studies and one Class III
study46-48 addressing the use of BoNT in the upper
extremity described modest improvement in tone
and range of movements, without demonstration
of significant functional gains.

Table Summary table for botulinum toxin in the treatment of spasticity

Disorder Class
No. of
subjects Outcome measures Adverse events Conclusions Recommendations* Limitations

Adult spasticity 14 Class I 906 Tone (Ashworth), passive
fx: range of motion,
cleaning, hygiene, pain

Focal weakness,
pain

Established safe
and effective

A Methodologic challenges in
study design

Active fx: Goal Attainment
Scale, Frenchay; global
disability (MD/pt)

Probably
effective

B Limited outcome measures
to demonstrate efficacy in
active functional gains

Childhood
spasticity in
cerebral palsy

6 Class I 376 Tone (Ashworth), passive
fx: range of motion, active
fx: gait/video/kinematic
analysis; global disability
(MD/pt)

Pain, weakness,
falls, incontinence,
dysphagia

Established safe
and effective

A Best evidence for equinus
varus

*Classification of recommendations is available on the Neurology® Web site at www.neurology.org.
A � should be offered; B � should be considered; C � may be considered; fx � function; MD � physician; pt � patient.
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Conclusions. BoNT injection of the gastrocnemius-
soleus muscles is established as effective in the treat-
ment of spastic equinus in patients with CP (four
Class I studies). There is insufficient evidence to sup-
port or refute the benefit of additional casting to
BoNT injection of the gastrocnemius-soleus mus-
cles (inconsistent Class II and III studies) and the in-
jection of BoNT into the hamstrings (only Class IV
studies). In patients with adductor spasticity, BoNT
injection is probably effective in improving adduc-
tor spasticity and range of motion (one Class I
study), as well as postoperative pain in children un-
dergoing adductor muscle lengthening surgery (one
Class I study). In patients with upper extremity
symptoms, BoNT injection is probably effective in
improving spasticity and range of motion (two
Class II studies and one Class III study).

Recommendations
• BoNT injection of the calf muscles should be
offered as a treatment option for equinus va-
rus deformity in children with cerebral palsy
(Level A).

• BoNT injection should be considered as a
treatment option for treatment of adductor
spasticity and for pain control in children
undergoing adductor-lengthening surgery
(Level B).

• BoNT injection should be considered as a
treatment option in children with upper ex-
tremity spasticity (Level B).

Clinical context. As in adult spasticity, there is
lack of consensus on what constitutes meaningful
functional gain following treatment for spasticity.
While many clinicians, patients, and caregivers
find the results of BoNT treatment for spasticity
gratifying, the FDA has not approved BoNT for
the treatment of spasticity in children.

Summary. The evidence supporting the use of
BoNT in adult and childhood spasticity is sum-
marized in the table.

RECOMMENDATIONS FOR FUTURE RE-
SEARCH

• BoNT is now standard clinical practice for
the treatment of many disorders of excess
motor activity, including numerous forms of
dystonia and spasticity. However, treatment
response varies widely, within and among
indications. Future studies should investi-
gate factors that predict which patient sub-
groups have optimal response.

• Most patients would prefer not to have in-
jections as frequently as currently required.
Future directions will likely involve the de-
velopment of other toxins, including those

that are less costly, more accessible to those
in need, with a longer duration of action,
and with delivery approaches other than
injection.

• A major limitation in published clinical tri-
als of BoNT is the lack of standardized rat-
ing tools for many clinical indications (e.g.,
spasticity, focal hand dystonia). Further-
more, there is often disagreement among in-
vestigators, clinicians, patients, family
members, and regulatory agencies as to what
constitutes functional improvement. Future
studies would benefit from the development
of validated scales applicable across the
spectrum of tasks eliciting the abnormal
movements and sensitive to changes with fo-
cal treatment such as BoNT.

• Further studies on injection methodology in-
cluding the use of EMG guidance, ultra-
sonography, and electrical stimulation are
needed to optimize treatment technique.

• Many trials in the use of BoNT have used
rigid injection protocols with insufficient at-
tention to the capacity for individualized
choice of muscles and doses. Study designs
that leave the choice of target muscles and
doses to the investigators’ discretion are
more likely to reflect clinical practice and
may affect reported efficacy.

• More research is needed in the choice of
muscles used in BoNT injection. For spastic-
ity, selection might be based on qualitative
assessments of overactivity at rest and dur-
ing attempts at active motion, as opposed to
relying on a quantitative tone score that may
not reflect disability during attempts at ac-
tive movements.

• More research is needed to determine the
optimal dose of BoNT for individual mus-
cles, and the choice of the number and loca-
tion of injection sites.

• More studies are needed to assess the safety
and efficacy of repeated and long-term injec-
tions of BoNT, and to address the risk of
development of secondary resistance to
BoNT due to antibody formation.

• In children with cerebral palsy, controlled
studies are needed to study the long-term ef-
fect of BoNT injections, especially in rela-
tion to the growth and maturity of the
children and the necessity and timing of or-
thopedic surgery. Much work remains to be
done to determine whether BoNT injection
is a minor supporting intervention for chil-
dren with cerebral palsy or a mainstream
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standard therapy for the majority of chil-
dren. For example, short- and long-term
studies comparing the outcome of patients
who receive BoNT therapy as part of the
treatment program with the outcome of pa-
tients in those programs where BoNT is not
part of the treatment regimen would be
helpful.

• Further studies, including comparative
head-to-head trials, are needed to establish
whether one serotype or brand of BoNT is
more effective than another, and to deter-
mine the dosing equivalency and relative an-
tigenicity between serotypes and brands. It is
not clear how such studies will be funded,
which will likely require partnership among
academic investigators, governmental agen-
cies, and the pharmaceutical industry.

DISCLAIMER This statement is provided as an
educational service of the American Academy of
Neurology. It is based on an assessment of current
scientific and clinical information. It is not in-
tended to include all possible proper methods of
care for a particular neurologic problem or all le-
gitimate criteria for choosing to use a specific pro-
cedure. Neither is it intended to exclude any
reasonable alternative methodologies. The AAN
recognizes that specific patient care decisions are
the prerogative of the patient and the physician
caring for the patient, based on all of the circum-
stances involved. The clinical context section is
made available in order to place the evidence-
based guideline(s) into perspective with current
practice habits and challenges. No formal prac-
tice recommendations should be inferred.
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ABSTRACT

Objective: To perform an evidence-based review of the safety and efficacy of botulinum neuro-
toxin (BoNT) in the treatment of movement disorders.

Methods: A literature search was performed including MEDLINE and Current Contents for thera-
peutic articles relevant to BoNT and selected movement disorders. Authors reviewed, ab-
stracted, and classified articles based on American Academy of Neurology criteria (Class I–IV).

Results: The highest quality literature available for the respective indications was as follows:
blepharospasm (two Class II studies); hemifacial spasm (one Class II and one Class III study);
cervical dystonia (seven Class I studies); focal upper extremity dystonia (one Class I and three
Class II studies); focal lower extremity dystonia (one Class II study); laryngeal dystonia (one Class I
study); motor tics (one Class II study); and upper extremity essential tremor (two Class II studies).

Recommendations: Botulinum neurotoxin should be offered as a treatment option for the treat-
ment of cervical dystonia (Level A), may be offered for blepharospasm, focal upper extremity
dystonia, adductor laryngeal dystonia, and upper extremity essential tremor (Level B), and may be
considered for hemifacial spasm, focal lower limb dystonia, and motor tics (Level C). While clini-
cians’ practice may suggest stronger recommendations in some of these indications, evidence-
based conclusions are limited by the availability of data. Neurology® 2008;70:1699–1706

GLOSSARY
ABSD � abductor type of spasmodic dysphonia; ADSD � adductor type of spasmodic dysphonia; BoNT � botulinum neuro-
toxin; CD � cervical dystonia; FDA � Food and Drug Administration.

INTRODUCTION Botulinum neurotoxin (BoNT)
has emerged as an effective treatment for numer-
ous movement disorders associated with muscle
overactivity. Two companion articles provide re-
views of the pharmacology and immunology of
BoNT, and an evidence-based review of its use in
spasticity,1 autonomic disorders, and pain.2 This
article evaluates the current knowledge and evi-
dence of BoNT in selected movement disorders.

DESCRIPTION OF THE ANALYTICAL PROCESS
The literature search strategy, panel formation, and

literature analytic process are described in the com-
panion article on BoNT in the treatment of spastici-
ty.1 Since the different preparations of BoNT have
different potencies and durations of action, the sero-
type and brand of BoNT used in specific studies are
provided in the evidence tables, but the text distin-
guishes their effects onlywhen the data are sufficient
to do so, or when referring to specific dosages.

Blepharospasm. Blepharospasm is a focal dystonia
characterized by involuntary contraction of or-
bicularis oculi, causing involuntary closure of the
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eyes. Prior to BoNT, there were no effective med-
ical or surgical treatments for this disorder.
Blepharospasm was one of the first studied indi-
cations for BoNT treatment. The open label ob-
servations were felt to be so dramatic that there
have been only a few attempts to perform prop-
erly controlled clinical trials. In 1989, Botox® re-
ceived Food and Drug Administration (FDA)
approval for blepharospasm, including benign es-
sential blepharospasm or VII nerve disorders, in pa-
tients 12 years and older. Two efficacy trials fulfilled
criteria for Class II (table e-1 on the Neurology®

Web site at www.neurology.org).
One Class II trial was a double-blind com-

parison of injecting BoNT-A into one eyelid
and saline into the other.3 Six patients received
BoNT-A (Botox®) at a dose of 20 U/eye for the
active treatment. Blinded rating of videotapes
showed bilateral reduction in blepharospasm
that was greater on the side injected with active
toxin. The other Class II study was a double-
blind, prospective, crossover trial of 11 patients
using BoNT-A (Botox®) at 25 U/eye, supple-
menting up to 50 U/eye 1 month later if need-
ed.4 Assessment by physician observation and
rating of videotapes, using the Fahn scale and
by patient subjective rating, showed significant
efficacy lasting a mean of 2.5 months. Adverse
effects were generally mild (blurred vision,
tearing, ptosis, and ecchymosis).

One Class II and one Class III study compared
two different brands of BoNT-A (Botox® and
Dysport®). In the Class II study, there were 212
patients evaluated in a crossover design using a
4:1 dose ratio of Dysport® to Botox®.5 The pri-
mary endpoint, duration of effect, was similar for
the two products. The Class III study used a par-
allel design of 42 patients without blinded raters
and also used a dose ratio of 4:1.6 Duration of
action was again the primary endpoint, and this
endpoint and others including number of booster
doses needed, latency of effect, clinical efficacy,
and adverse reactions were similar for the two
products. A Class I study compared Xeomin® and
Botox®, using equivalent doses in 300 patients,
with 256 patients completing the study. There
was no difference in efficacy or adverse effects be-
tween the two formulations.7

Conclusions. For patients with blepharospasm,
BoNT injection is probably effective with mini-
mal side effects (two Class II studies). After dos-
age adjustment, Botox® and Xeomin® are
probably equivalent (one Class I study), and Bo-
tox® and Dysport® are possibly equivalent (one
Class II and one Class III study).

Recommendation. BoNT injection should be
considered as a treatment option for blepharo-
spasm (Level B).

Clinical context. The evidence supporting BoNT
use in blepharospasm is suboptimal. The large
magnitude of benefits in the initial open label
studies and the lack of other effective therapy
likely have discouraged efforts to study BoNT in
larger andmore properly controlled clinical trials.

Hemifacial spasm. Hemifacial spasm is character-
ized by a combination of unilateral clonic and
tonic spasms of the muscles innervated by the fa-
cial nerve. Treatment options include oral phar-
macologic therapies, including carbamazepine,
baclofen, and benzodiazepine, and resulting in
limited efficacy, and microvascular decompres-
sion of the facial nerve, a highly invasive proce-
dure. Encompassed in the category of VII nerve
disorders, hemifacial spasm is FDA approved.
One efficacy trial of BoNT fulfilled criteria for
Class II, and one for Class III (table e-2). The
Class II study8 of 11 patients was a prospective,
blinded trial with four arms: an arbitrary dose
based on clinical experience of between 2.5 and 10
units of BoNT-A (Botox®), half the dose, double
the dose, and saline placebo. Each subject cycled
through the four treatment arms in a random order.
Using a clinical scale to rate videotapes and a patient
subjective scale, 84% had objective improvement
with at least one of the active doses with a trend for
better response with higher dose; only one patient
improved on placebo. Seventy-nine percent reported
subjective benefit lasting a mean of 2.8 months with
active therapy.Weakness of the face, generallymild,
was the most common adverse effect (97%). Other
adverse effects included bruising, diplopia, ptosis,
and headache.

A Class III study9 was a double-blind, prospec-
tive, parallel design study with only four patients
per group using individualized therapy (dose
range 2.5 to 40 units) with BoNT-A (Botox®) in
the active arm. Ninety-three patients studied in an
open label fashion were also reported. There was
greater improvement on a clinical scale with
BoNT than with a saline placebo. Benefit lasted a
mean of 3.8 months. Side effects, present in 63%
of patients, were generally mild and included dry
eye, mouth droop, and ptosis.

One Class II study compared Botox® and Dys-
port® in a parallel design without placebo control
or blinded raters.6 There was a dose ratio of 4:1
for Dysport® to Botox.® The primary endpoint
(duration of action) and other endpoints (number
of booster doses needed, latency of effect, clinical
efficacy, and frequency of adverse reactions) were
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similar for the two products. Benefit lasted 2.6–
3.0 months.

Conclusions. BoNT is possibly effective with
minimal side effects for the treatment of hemifa-
cial spasm (one Class II and one Class III study).
Botox® and Dysport®, after dosage adjustment, are
possibly equivalent in efficacy (one Class II study).

Recommendation. BoNT injection may be con-
sidered as a treatment option for hemifacial
spasm (Level C).

Clinical context. The evidence supporting BoNT
use in hemifacial spasm is suboptimal. The large
magnitude of effects in the initial open label stud-
ies likely has discouraged efforts to study BoNT
in properly controlled clinical trials. No studies
have compared BoNT with the other major treat-
ment alternatives, including oral pharmacologic
and surgical therapy.

Cervical dystonia. Cervical dystonia (CD) is a fo-
cal dystonia causing involuntary activation of the
muscles of the neck and shoulders resulting in ab-
normal, sustained, and painful posturing of the
head, neck, and shoulders. There are limited data
assessing oral medications for cervical dystonia.
Recent surgical studies, including deep brain
stimulation, show promise. Out of approximately
80 studies of BoNT in the treatment of CD, 14
controlled studies were identified, including seven
Class I studies (four with BoNT-A, three with
BoNT-B) (table e-3).10-16 Botox® and Myobloc®

are FDA approved for use in CD.
Three Class I studies enrolled BoNT-naı̈ve CD

subjects. One study16 evaluated 55 subjects over
12 weeks. Subjects were stratified by primary type
of torticollis and randomized to BoNT-A or pla-
cebo. Maximal benefit occurred at 6 weeks fol-
lowing injection with improvement in functional
capacity, head turning, pain, and subjective as-
sessment. Adverse events included dysphagia,
neck weakness, and fatigue.

A second Class I study compared low, interme-
diate, and high doses of BoNT-A to placebo in 75
BoNT-naive CD subjects with rotational torticol-
lis.12 At 1 month, the intermediate- and high-dose
groups demonstrated improvement compared to
placebo (p � 0.05). Subjective improvement oc-
curred in 45–50% and was significant at 1 and 2
months for the high-dose group, and at 2 months
for the intermediate-dose group. More adverse
events occurred with higher doses, including neck
weakness, voice changes, and dysphagia.

A third Class I study in BoNT-naı̈ve subjects
compared BoNT-A and trihexyphenidyl (mean
dose 16.25 mg; range 4–24 mg) at 3 months fol-
lowing treatment.15 BoNT-A was superior to tri-

hexyphenidyl for TWSTRS disability (2 points),
Tsui scale (5 points), and general health percep-
tion (6 points). Although there was greater im-
provement in TWSTRS pain score with BoNT (2
points), this did not reach statistical significance.
The total TWSTRS and TWSTRS severity scores
were not given for either group. The trihexy-
phenidyl group had more adverse events (76
events vs 31 for BoNT-A, p � 0.0001).

Four Class I studies enrolled subjects with pre-
vious response to BoNT. Three studies assessed
safety and efficacy of BoNT-B,10,11,14 and one as-
sessed safety and efficacy of BoNT-A.13 One of
these studies randomized 109 subjects with CD to
placebo, medium dose, or high dose of BoNT-B.10

There was an improvement in total TWSTRS
scores at 1 month for both treatment groups com-
pared to placebo (medium dose p � 0.01; high dose
p � 0.01), with return to baseline by 3 months. The
TWSTRS severity and pain subscales and patient
and physician global scales showed similar benefit.
Adverse events were greater in the BoNT-B treated
groups, with dry mouth and pain occurring in a
dose-dependent way. All adverse events were mild.

A similar study assessed the effect of BoNT-B
compared to placebo in 77 patients with CD who
developed resistance to BoNT-A.11 At 1 month
following injection, the BoNT-B group had more
improvement in total TWSTRS score (21% vs 4%
in placebo, p � 0.0001). Treatment with BoNT-B
improved the TWSTRS severity, disability, and
pain subscales, and physician and patient global
scores. Dry mouth occurred in 3% of placebo
subjects and 44% of the BoNT-B group. A study
evaluated BoNT-A compared to placebo in 80
subjects with CD previously treated with BoNT-
A.13 This study showed improvement in TWSTRS
total score and each of the subscales of the TW-
STRS for severity, disability, and pain at 1 month
with only blurred vision and neck weakness oc-
curring more frequently than placebo.

Conclusion. BoNT is established as safe and ef-
fective for the treatment of CD (seven Class I
studies).

Recommendations

• BoNT injection should be offered as a treat-
ment option to patients with cervical dysto-
nia (Level A).

• BoNT is probably more efficacious and bet-
ter tolerated in patients with CD than treat-
ment with trihexyphenidyl (Level B).

Clinical context. BoNT has longstanding and
widespread use in the treatment of CD, a condition
without effective alternative medical therapies.
There are no data to compare BoNT with surgical
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treatment of CD. The role of electromyography has
not been established for cervical dystonia.

Focal limb dystonia. Most studies of BoNT in fo-
cal limb dystonia deal with the upper extremity.
Although no controlled trials of BoNT exist for
lower limb dystonia, some larger studies do in-
clude these patients. The term “focal hand dysto-
nia” is used here to encompass writer’s cramp,
other occupational hand dystonia, and nontask-
specific hand dystonia. The pattern of limb dysto-
nia varies widely among patients. There are no
effective alternative medical or well-established
surgical therapies for focal limb dystonia. The use
of BoNT to treat limb dystonia requires thought-
ful technique including customization of doses
and muscle selection.

There is Class I and Class II evidence for focal
limb dystonia17 (table e-4). The Class I trial ran-
domized 40 patients with writer’s cramp in a
double-blind design to BoNT or an equivalent
volume of saline placebo. Injected muscles were
chosen based on clinical examination. Partici-
pants with inadequate or no response were of-
fered a second injection 1 month later. The
primary outcome measure was the subject’s
stated desire to continue injection. Seventy per-
cent of those randomized to BoNTwished to con-
tinue treatment compared to 32% of those
receiving placebo (p � 0.03). Significant improve-
ment was also found in BoNT-injected subjects
compared to those receiving placebo in secondary
outcomemeasures including a visual analog scale,
symptoms severity scale, writer’s cramp rating
scale, and assessment of writing speed, but not in
the functional status scale. Temporary weakness
and pain at the injection site were the only ad-
verse events reported.

One Class II trial18 was a prospective, double-
blind, crossover study of 17 patients with several
forms of limb dystonia, including lower extremity
(3 patients) and secondary dystonia (4 patients).
Subjects received a series of four injections in ran-
dom order, one with a dose of BoNT that the in-
vestigators judged to be “optimal,” one at half the
optimal dose, one at double the dose, and one
with saline placebo. Using a patient subjective
scale, 82% of patients receiving BoNT had bene-
fit compared to 6% (one patient) who received
placebo. Using physician rating of videotapes,
59% improved with active treatment and 38%
with placebo (not significant). There was no
dose-response relationship for benefit, and there
was a large degree of interobserver variability.
The authors attributed the lack of significance in
physician ratings to an inadequate outcome eval-

uation. The main side effect was focal weakness
that followed 53% of BoNT injections and was
more likely at the higher doses. Weakness oc-
curred with 13% of placebo injections. Other ad-
verse effects included muscle stiffness, pain, and
malaise.

Another Class II study used a placebo-
controlled, double-blind, crossover design in 20
patients with writer’s cramp.19 Muscle selection
was guided by clinical examination; dose of
BoNT-A was based on investigator experience.
Outcome assessments included evaluation of
writing speed, accuracy, writing samples, and pa-
tients’ subjective report. There was significant
improvement with BoNT therapy in the objective
measures, but not in patients’ own assessments.
Focal weakness was the only adverse effect and
was severe enough to worsen pen control in one
patient. The authors noted that this study evalu-
ated only the first active treatment session that a
patient received, so that the benefit obtained was
likely not optimal.

Another Class II trial was a double-blind,
placebo-controlled, crossover in 10 patients with fo-
cal hand dystonia.20 Muscles and BoNT-A doses
were selected and optimized during a period of open
treatment preceding the controlled study. Patient
subjective rating and observer rating of videotapes
during activities applicable to individual dystonia
were the outcome measures. Eight patients had im-
proved subjective rating and six had improved vid-
eotape rating with BoNT compared with placebo.
Weakness was present in the injected muscles in
80% of subjects with active treatment.

Three Class II studies evaluated technical is-
sues of BoNT administration (table e-4). In one
study, a blinded, randomized, crossover design
was used to compare continuous muscle activa-
tion to immobilization immediately after BoNT
injection.21 Blinded evaluation of handgrip
strength and writing revealed a significant in-
crease in focal weakness with continuous muscle
activity, but no subjective or objective improve-
ment in writing. In another Class II study, pa-
tients were randomized to one of two muscle
localization techniques: EMG recording or elec-
trical stimulation.22 Injections guided by either
technique were equally effective in producing
weakness in the target muscle. The accuracy of
muscle localization with and without EMG was
evaluated in a third trial.23 Only 37% of needle
placements based on surface anatomy were local-
ized in the targeted muscle.

Conclusions. BoNT is probably effective for the
treatment of focal upper extremity limb dystonia
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(one Class I and three Class II studies). While a few
patients in one Class II study suggest that BoNT
may be effective for lower extremity dystonia, the
data are inadequate to provide a recommendation.

Recommendation. BoNT should be considered as
a treatment option for focal upper extremity dys-
tonia (Level B).

Clinical context. The treatment of focal limb dys-
toniawith BoNTpresents challenges, particularly in
achieving sufficient neuromuscular blockade to alle-
viate dystonicmovementswithout causing excessive
muscle weakness. While many clinicians advocate
EMG or nerve stimulation guidance to optimize
needle localization for injection, further data are
needed to establish this recommendation.

Laryngeal dystonia. Laryngeal dystonia (spasmodic
dysphonia) generally presents as adductor type
(ADSD) and less frequently as abductor type of
spasmodic dysphonia (ABSD). ADSD is character-
ized by a “strain-strangle” voice, while ABSD pro-
duces a breathy and hypophonic voice. There are no
effective alternativemedical or surgical therapies for
spasmodic dysphonia. There is one Class I study of
BoNT24 (n � 13) of patients with ADSD. This
double-blind, randomized, parallel group study
compared seven patients receiving BoNT with six
receiving saline. Outcomemeasures included instru-
mental quantitative measures of voice function and
patient ratings. Significant benefit was found in the
BoNT-injected group (p � 0.01) (table e-5). One
Class III study found that the addition of voice ther-
apy following BoNT in ADSD prolonged benefit
from BoNT treatment.25 Another found that voice
rest 30 minutes after BoNT injection prolonged the
benefit of BoNT.26 OneClass III study of 15 patients
with ABSD27 did not find a significant difference us-
ing either percutaneous or endoscopic injection
technique.

Conclusions. BoNT is probably effective for the
treatment of ADSD (one Class I study). There is
insufficient evidence to support a conclusion of
effectiveness for BoNT in ABSD.

Recommendations

• BoNT should be considered as a treatment
option for adductor spasmodic dysphonia
(Level B).

• There is insufficient evidence to support or
refute the use of BoNT in abductor spas-
modic dysphonia (Level U).

Clinical context. The evidence supporting BoNT
use in laryngeal disorders is suboptimal. While
most clinicians utilize EMG targeting for laryn-
geal injections, the utility of this technique is not
established in comparative trials. Dramatic re-

sults in the initial open label studies and the lack
of other effective therapy likely have discouraged
efforts to study BoNT in larger and more prop-
erly controlled clinical trials.

Tics. Typically associated with Tourette syndrome,
tics are relatively brief, intermittent movements
(motor tics) or sounds (vocal or phonic tics), usually
preceded by a premonitory sensation.28 While anti-
dopaminergic drugs (neuroleptics) are often effec-
tive in treating troublesome multifocal tics, these
drugs often produce undesirable side effects, partic-
ularly in patients with focal tics, such as blinking,
blepharospasm, head jerking, neck twisting, and
loud vocalizations, including coprolalia. Although
confined to a limited anatomic distribution, such fo-
cal tics may be a source of embarrassment and may
result in functional blindness, local discomfort, and
social isolation.

In initial open label Class IV studies, injections of
BoNT in the muscles involved in the motor and
phonic tics was associated with a moderate to
marked reduction in the intensity and frequency of
the tics, and nearly complete abolishment of the pre-
monitory sensation. In a Class IV study of 35 pa-
tients treated in 115 sessions for troublesome or
disabling tics, the mean peak effect response was 2.8
(range 0 � no effect; 4 � marked improvement in
both severity and function).29 The mean duration of
benefit was 3.4 months (up to 10.5). Latency to on-
set of benefit was 3.8 days (up to 10). Twenty-one of
25 patients (84%)with notable premonitory sensory
symptoms derived marked relief of these symptoms
from BoNT (mean benefit: 70.6%).

In a Class II study of 18 patients with simple
motor tics, there was a 39% reduction in the num-
ber of tics per minute within 2 weeks after injec-
tion with BoNT, as compared to a 6% increase in
the placebo group (p � 0.004, table e-6).30 In addi-
tion, there was a 0.46 reduction in “urge scores”
with BoNT compared to a 0.49 increase in the
placebo group (p � 0.02). This study lacked the
power to show significant differences in other
measured variables, such as severity score, tic
suppression, pain, and patient global impression.
The full effect of BoNTmay not have been appre-
ciated at 2 weeks. The study employed a single
treatment session protocol that does not reflect
the clinical practice of evaluating patients after
several adjustments in doses and sites of injec-
tions. Furthermore, since subjects “did not rate
themselves as significantly compromised by their
treated tics,” it is likely that their symptoms were
relatively mild at baseline.

Conclusions. BoNT is possibly effective for the
treatment of motor tics (one Class II study).
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There are insufficient data to determine the effec-
tiveness of BoNT in phonic tics (one Class IV
study).

Recommendation. BoNT may be considered as a
treatment option for motor tics (Level C).

Clinical context. There are no data to compare
the efficacy of BoNT and neuroleptics in the
treatment of tic disorders.

Tremor. Tremor, an oscillatory movement pro-
duced by alternating or synchronous contractions
of antagonistic muscles, is the most common
movement disorder. While propranolol and
primidone usually ameliorate mild or moderate
essential tremor, pharmacotherapy is usually not
sufficient to control a high-amplitude tremor that
impairs activities of daily living. In such cases of
disabling tremor, local injection of BoNT may be
used before considering more aggressive interven-
tion such as thalamic deep brain stimulation.

A Class II placebo-controlled study evaluated
25 patients with hand tremor of 2 (moderate) to 4
(severe) on the tremor severity rating scale31 (table
e-7). Subjects were randomized to receive either
50 units of BoNT-A (Botox®) or placebo injec-
tions into the wrist flexors and extensors of the
dominant limb. If patients failed to respond to the
initial injection, they were eligible to receive an-
other injection of 100 units 4 weeks later.

Rest, postural, and kinetic tremor were evalu-
ated at 2- to 4-week intervals over a 16-week
study period, using tremor severity rating scales,
accelerometry, and assessments of improvement
and disability. There was significant improve-
ment on the tremor severity rating scale 4 weeks
after injection in patients treated with BoNT as
compared to placebo, and this effect was main-
tained for the duration of the study. Four weeks
after injection, 75% of BoNT-treated patients vs
27% of placebo-treated patients (p � 0.05) re-
ported mild to moderate improvement. Func-
tional rating scales did not improve although
trends were observed for some items. Postural ac-
celerometry measurements showed a 30% reduc-
tion in amplitude in 9 of 12 BoNT-treated subjects
and in 1 of 9 placebo-treated subjects (p � 0.05).
Although all patients treated with BoNT reported
some degree of finger weakness, no severe, irrevers-
ible, or unexpected adverse events occurred.

There were similar results in another Class II
multicenter, double-blind, controlled trial that uti-
lized a similar protocol and involved 133 patients
with essential tremor.32 The patients were random-
ized to receive 50 or 100 U of Botox® into wrist flex-
ors and extensors and were followed for 4 months.
The study showed significant improvement in pos-

tural tremor, but only minimal improvement in ki-
netic tremor and functional assessments.

The study design of both Class II studies limits
their applicability to clinical practice. Both used a
rigid treatment protocol that employed a fixed
BoNT dose and a predetermined set of muscles. In
practice, dosages and injected muscles are often in-
dividually chosen on the basis of tremor pattern.

An underpowered Class II study of 10 patients
with head tremor33 did not show a statistically
significant benefit in BoNT-treated patients.
There are two Class IV open-label studies in voice
tremor34,35 that showed modest improvement from
baseline in objective acoustic and subjective mea-
sures after unilateral or bilateral BoNT injection.

Conclusions. BoNT injection of forearm mus-
cles is probably effective in reducing the tremor
amplitude in patients with essential hand tremor
(two Class II studies). The benefits must be con-
sidered in conjunction with the common adverse
effect of muscle weakness associated with BoNT
injection. Existing data are insufficient to draw a
conclusion on the use of BoNT in the treatment of
head and voice tremor.

Recommendation. BoNT should be considered as
a treatment option for essential hand tremor in
those patients who fail treatment with oral agents
(Level B).

Clinical context. Oral agents and deep brain
stimulation are alternative treatments for essen-
tial tremor. There are presently no data compar-
ing the efficacy of BoNT to these treatment
modalities. By reducing or eliminating BoNT in-
jection into wrist extensors, the complications of
finger and hand weakness may be reduced. How-
ever, no controlled data employing the new meth-
odology are available.

Summary. The evidence supporting the use of
BoNT in movement disorders is summarized in
the table.

RECOMMENDATIONS FOR FUTURE RESEARCH

• Many of the recommendations for future re-
search provided in the companion article on
BoNT for spasticity are also pertinent to
movement disorders. Additional recommen-
dations follow.

• Further placebo-controlled trials are needed
to evaluate the efficacy and safety of BoNT
for several movement disorders, particularly
blepharospasm, hemifacial spasm, lower
limb dystonia, phonic tics, and head and
voice tremor.

• To the extent that issues of feasibility and
ethics make such studies unlikely, other
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strategies should be considered to prove the
efficacy of these treatments in the current era
of evidence-based medicine.

DISCLAIMER This statement is provided as an
educational service of the American Academy of
Neurology. It is based on an assessment of current
scientific and clinical information. It is not in-
tended to include all possible proper methods of
care for a particular neurologic problem or all le-
gitimate criteria for choosing to use a specific pro-
cedure. Neither is it intended to exclude any
reasonable alternative methodologies. The AAN
recognizes that specific patient care decisions are
the prerogative of the patient and the physician
caring for the patient, based on all of the circum-
stances involved. The clinical context section is
made available in order to place the evidence-
based guideline(s) into perspective with current
practice habits and challenges. No formal prac-
tice recommendations should be inferred.

ACKNOWLEDGMENT
The authors thank Dr. Mitchell Brin for his contributions in the early
phases of this project.

DISCLOSURE

The authors report the following conflicts: Dr. Simpson has received
speaker honoraria and research support from Allergan, Merz, and Sol-
stice, Inc., and performs botulinum toxin injections. Dr. Blitzer has re-
ceived speaker honoraria from Allergan, Solstice, and Merz; research
support from Allergan; and performs botulinum toxin injections. Dr.

Brashear has received speaker honoraria from Allergan, Solstice, and
Merz; research support from Allergan, Ipsen, Merz, and Oviation; per-
forms botulinum toxin injections and has received payment for expert
testimony. Dr. Comella has received speaker honoraria from Jazz Phar-
maceutical, Merz Pharmaceutical, and UCB Pharmaceutical; research
support from Allergan, Dystonia Study Group, and Solstice; and per-
forms botulinum toxin injections. Dr. Dubinsky has received speaker
honoraria from Allergan and research support from Allergan, MERZ-
INC, and Solstice Neurosciences. Dr. Dubinsky holds financial interest
in Abbott Laboratories (spouse), performs botulinum toxin injections,
and presents annual courses at AANEMon chemodenervation. Dr. Hal-
lett holds financial interest in Amylin Pharmaceuticals, Eli Lilly, Gene-
tech, Genzyme, Healthsouth Corp.,Medtronic, Pfizer, St. JudeMedical,
Triad Hospitals, United Healthcare, and Valeant Pharmaceuticals Inter-
national and performs botulinum toxin injections. Dr. Jankovic has re-
ceived speaker honoraria from Allergan and Merz Pharmaceutical,
research support from Allergan, Ipsen, and Merz Pharmaceutical, and
performs botulinum toxin injections. Dr. Karp performs botulinum
toxin injections. Dr. Ludlow holds financial interest in Fidelity Biotech-
nology (family member). Dr. Miyasaki has received research support
fromBoehringer Ingelheim,Huntington StudyGroup,NIH, Solvay, Sol-
stice, and Teva. Dr. Naumann has received speaker honoraria from Ip-
sen and Allergan and performs botulinum toxin injections. Dr. So holds
financial interest in Satoris Inc., and has received research support from
NIH, Pfizer, Inc., and NeurogesX, Inc.

REFERENCES
1. Simpson DM, Gracies J-M, Graham HK, et al. Assess-

ment: Botulinum neurotoxin for the treatment of spas-
ticity (an evidence-based review): Report of the
Therapeutics and Technology Assessment Subcommit-
tee of the American Academy of Neurology. Neurol-
ogy 2008;70:1707–1714.

2. Naumann M, So Y, Argoff CE, et al. Assessment: Bot-
ulinum neurotoxin in the treatment of autonomic dis-
orders and pain (an evidence-based review): Report of
the Therapeutics and Technology Assessment Subcom-

Table Summary table for botulinum toxin in the treatment of movement disorders

Disorder Class
No. of
subjects Outcome measures Adverse events Conclusions Recommendations* Limitations

Blepharospasm 2 Class II 17 Subjective, Fahn scale Dry eye, tearing,
ptosis, diplopia,
lid edema,
ecchymosis

Probably effective B Lack of controlled studies
due to dramatic efficacy

Hemifacial spasm 1 Class II
and 1
Class III

19 Clinical, video,
subjective

Weakness,
bruising,
diplopia, ptosis,
dry eye

Possibly effective C Lack of controlled studies
due to dramatic efficacy;
surgery major alternate Rx

Cervical dystonia 7 Class I 584 TWSTRS, Tsui, disability Dysphagia, neck
weakness, dry
mouth, pain

Established safe and
effective

A No effective alternate Rx

Focal limb
dystonia (UE)

3 Class II 47 Video, handwriting
accuracy/speed

Focal weakness,
pain

Probably effective B No effective alternate Rx

Focal limb
dystonia (LE)

1 Class II 3 Video, subjective Focal weakness,
pain

Data inadequate None No effective alternate Rx

Laryngeal
dystonia

1 Class I 13 Quant voice fx, patient
ratings

Breathiness,
bleeding

Adductor SD: probably
effective; abductor SD:
inadequate data

B No effective alternate Rx

Motor tics 1 Class II 18 Tic frequency, urge
scores, global disability

Focal weakness Possibly effective C No comparative data with
oral agents

Essential tremor
(UE)

2 Class II 158 Tremor rating,
subjective (MD/pt); SIP

Focal weakness Probably effective B No comparative data with
oral agents

*Classification of recommendations is available on the Neurology® Web site at www.neurology.org.
A � Should be offered; B � should be considered; C � may be considered; UE � upper extremity; LE � lower extremity; Rx � prescription; SD � spasmodic
dysphonia; MD � physicion; pt � patient; SIP � Sickness Impact Profile.

Neurology 70 May 6, 2008 (Part 1 of 2) 1705



mittee of the American Academy of Neurology. Neu-
rology 2008;70:1699–1706.

3. Girlanda P, Quartarone A, Sinicropi S, Nicolosi C,
Messina C. Unilateral injection of botulinum toxin in
blepharospasm: single fiber electromyography and
blink reflex study. Mov Disord 1996;11:27–31.

4. Jankovic J, Orman J. Botulinum A toxin for cranial-
cervical dystonia: a double-blind, placebo-controlled
study. Neurology 1987;37:616–623.

5. Nussgens Z, Roggenkamper P. Comparison of two
botulinum-toxin preparations in the treatment of es-
sential blepharospasm. Graefes Arch Clin Exp Oph-
thalmol 1997;235:197–199.

6. Sampaio C, Ferreira JJ, Simoes F, et al. DYSBOT: a
single-blind, randomized parallel study to determine
whether any differences can be detected in the efficacy
and tolerability of two formulations of botulinum
toxin type A—Dysport and Botox—assuming a ratio
of 4:1. Mov Disord 1997;12:1013–1018.

7. Roggenkamper P, Jost WH, Bihari K, Comes G, Grafe
S. Efficacy and safety of a new botulinum toxin type A
free of complexing proteins in the treatment of blepha-
rospasm. J Neural Transm 2006;113:303–312.

8. Yoshimura DM, Aminoff MJ, Tami TA, Scott AB.
Treatment of hemifacial spasm with botulinum toxin.
Muscle Nerve 1992;15:1045–1049.

9. Park YC, Lim JK, Lee DK, Yi SD. Botulinum a toxin
treatment of hemifacial spasm and blepharospasm. J
Korean Med Sci 1993;8:334–340.

10. Brashear A, Lew MF, Dykstra DD, et al. Safety and
efficacy of NeuroBloc (botulinum toxin type B) in type
A-responsive cervical dystonia. Neurology 1999;53:
1439–1446.

11. BrinMF, LewMF, Adler CH, et al. Safety and efficacy of
NeuroBloc (botulinum toxin type B) in type A-resistant
cervical dystonia. Neurology 1999;53:1431–1438.

12. Poewe W, Deuschl G, Nebe A, et al. What is the opti-
mal dose of botulinum toxin A in the treatment of cer-
vical dystonia? Results of a double blind, placebo
controlled, dose ranging study using Dysport. German
Dystonia Study Group. J Neurol Neurosurg Psychiatry
1998;64:13–17.

13. Truong D, Duane DD, Jankovic J, et al. Efficacy and
safety of botulinum type A toxin (Dysport) in cervical
dystonia: results of the first US randomized, double-blind,
placebo-controlled study. Mov Disord 2005;20:783–791.

14. Lew MF, Adornato BT, Duane DD, et al. Botulinum
toxin type B: a double-blind, placebo-controlled, safety
and efficacy study in cervical dystonia. Neurology
1997;49:701–707.

15. Brans JW, Lindeboom R, Snoek JW, et al. Botulinum
toxin versus trihexyphenidyl in cervical dystonia: a
prospective, randomized, double-blind controlled trial.
Neurology 1996;46:1066–1072.

16. Greene P, Kang U, Fahn S, Brin M, Moskowitz C,
Flaster E. Double-blind, placebo-controlled trial of
botulinum toxin injections for the treatment of spas-
modic torticollis. Neurology 1990;40:1213–1218.

17. Kruisdijk JJ, Koelman JH, Ongerboer de Visser BW,
de Haan RJ, Speelman JD. Botulinum toxin for writ-
er’s cramp: a randomised, placebo-controlled trial and

1-year follow-up. J Neurol Neurosurg Psychiatry 2007;
78:264–270.

18. Yoshimura DM, Aminoff MJ, Olney RK. Botulinum
toxin therapy for limb dystonias. Neurology 1992;42:
627–630.

19. Tsui JK, Bhatt M, Calne S, Calne DB. Botulinum toxin
in the treatment of writer’s cramp: a double-blind
study. Neurology 1993;43:183–185.

20. Cole R, Hallett M, Cohen LG. Double-blind trial of
botulinum toxin for treatment of focal hand dystonia.
Mov Disord 1995;10:466–471.

21. Chen R, Karp BI, Goldstein SR, Bara-Jimenez W, Yas-
een Z, Hallett M. Effect of muscle activity immediately
after botulinum toxin injection for writer’s cramp.
Mov Disord 1999;14:307–312.

22. Geenen C, Consky E, Ashby P. Localizing muscles for
botulinum toxin treatment of focal hand dystonia. Can
J Neurol Sci 1996;23:194–197.

23. Molloy FM, Shill HA, Kaelin-Lang A, Karp BI. Accuracy
of muscle localization without EMG: implications for
treatment of limb dystonia. Neurology 2002;58:805–807.

24. Troung DD, Rontal M, Rolnick M, Aronson AE, Mis-
tura K. Double-blind controlled study of botulinum
toxin in adductor spasmodic dysphonia. Laryngoscope
1991;101:630–634.

25. Murry T, Woodson GE. Combined-modality treat-
ment of adductor spasmodic dysphonia with botuli-
num toxin and voice therapy. J Voice 1995;9:460–465.

26. Wong DL, Adams SG, Irish JC, Durkin LC, Hunt EJ,
Charlton MP. Effect of neuromuscular activity on the
response to botulinum toxin injections in spasmodic
dysphonia. J Otolaryngol 1995;24:209–216.

27. Bielamowicz S, Squire S, Bidus K, Ludlow CL. Assess-
ment of posterior cricoarytenoid botulinum toxin injec-
tions in patients with abductor spasmodic dysphonia.
Ann Otol Rhinol Laryngol 2001;110:406–412.

28. Jankovic J. Tourette’s syndrome. N Engl J Med 2001;
345:1184–1192.

29. Kwak CH, Hanna PA, Jankovic J. Botulinum toxin in
the treatment of tics. Arch Neurol 2000;57:1190–1193.

30. Marras C, Andrews D, Sime E, Lang AE. Botulinum
toxin for simple motor tics: a randomized, double-blind,
controlled clinical trial. Neurology 2001;56:605–610.

31. Jankovic J, Schwartz K, Clemence W, Aswad A,
Mordaunt J. A randomized, double-blind, placebo-
controlled study to evaluate botulinum toxin type A in
essential hand tremor. Mov Disord 1996;11:250–256.

32. BrinMF, LyonsKE,Doucette J, et al. A randomized, dou-
ble masked, controlled trial of botulinum toxin type A in
essential hand tremor. Neurology 2001;56:1523–1528.

33. Pahwa R, Busenbark K, Swanson-Hyland EF, et al.
Botulinum toxin treatment of essential head tremor.
Neurology 1995;45:822–824.

34. Warrick P, Dromey C, Irish JC, Durkin L, Pakiam A,
Lang A. Botulinum toxin for essential tremor of the
voice with multiple anatomical sites of tremor: a cross-
over design study of unilateral versus bilateral injec-
tion. Laryngoscope 2000;110:1366–1374.

35. Adler CH, Bansberg SF, Hentz JG, et al. Botulinum
toxin type A for treating voice tremor. Arch Neurol
2004;61:1416–1420.

1706 Neurology 70 May 6, 2008 (Part 1 of 2)



Assessment: Botulinum neurotoxin in the
treatment of autonomic disorders and pain
(an evidence-based review)
Report of the Therapeutics and Technology Assessment
Subcommittee of the American Academy of Neurology

M. Naumann, MD
Y. So, MD, PhD
C.E. Argoff, MD
M.K. Childers, DO,
PhD

D.D. Dykstra, MD,
PhD

G.S. Gronseth, MD
B. Jabbari, MD
H.C. Kaufmann, MD
B. Schurch, MD
S.D. Silberstein, MD
D.M. Simpson, MD

ABSTRACT

Objective: To perform an evidence-based review of the safety and efficacy of botulinum neuro-
toxin (BoNT) in the treatment of autonomic and urologic disorders and low back and head pain.

Methods: A literature search was performed including MEDLINE and Current Contents for thera-
peutic articles relevant to BoNT and the selected indications. Authors reviewed, abstracted, and
classified articles based on the quality of the study (Class I–IV). Conclusions and recommenda-
tions were developed based on the highest level of evidence and put into current clinical context.

Results: The highest quality literature available for the respective indications was as follows: axil-
lary hyperhidrosis (two Class I studies); palmar hyperhidrosis (two Class II studies); drooling (four
Class II studies); gustatory sweating (five Class III studies); neurogenic detrusor overactivity (two
Class I studies); sphincter detrusor dyssynergia in spinal cord injury (two Class II studies); chronic
low back pain (one Class II study); episodic migraine (two Class I and two Class II studies); chronic
daily headache (four Class II studies); and chronic tension-type headache (two Class I studies).

Recommendations: Botulinum neurotoxin (BoNT) should be offered as a treatment option for the
treatment of axillary hyperhidrosis and detrusor overactivity (Level A), should be considered for
palmar hyperhidrosis, drooling, and detrusor sphincter dyssynergia after spinal cord injury (Level
B), and may be considered for gustatory sweating and low back pain (Level C). BoNT is probably
ineffective in episodic migraine and chronic tension-type headache (Level B). There is presently no
consistent or strong evidence to permit drawing conclusions on the efficacy of BoNT in chronic
daily headache (mainly transformed migraine) (Level U). While clinicians’ practice may suggest
stronger recommendations in some of these indications, evidence-based conclusions are limited
by the availability of data. Neurology® 2008;70:1707–1714

GLOSSARY
BoNT � botulinum neurotoxin; CDH � chronic daily headache; DSD � detrusor sphincter dyssynergia; LBP � low back pain;
MS � multiple sclerosis; NNT � number needed to treat; OLBPQ � Oswestry Low Back Pain Questionnaire; VAS � visual
analog scale.

INTRODUCTION Since its introduction about 25
years ago, botulinum neurotoxin (BoNT) has be-
come the most effective treatment for numerous
movement disorders associated with increased
muscle tone. Two companion articles provide a
review of the pharmacology and immunology of

BoNT, and an evidence-based review of its use in
spasticity1 and movement disorders.2 In addition
to its activity at cholinergic motor endings, acetyl-
choline is also an important neurotransmitter in
the parasympathetic, and to some degree, in the
sympathetic autonomic nervous system. SeveralSupplemental data at
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autonomic disorders arise from cholinergic over-
activity, i.e., at the neuromuscular junction in
overactive bladder or at the neurosecretory junc-
tion in hypersecretory disorders. An increasing
number of studies, including placebo-controlled
trials, demonstrate that BoNT may be a valuable
agent to treat autonomic disorders associated
with localized cholinergic overactivity. Its mode
of action in pain, however, is less well under-
stood. This article evaluates the current knowl-
edge and evidence of BoNT in selected disorders
of autonomic function and pain.

DESCRIPTION OF THE ANALYTICAL PRO-
CESS The literature search strategy, panel for-
mation, and literature analytic process are
described in the companion article on BoNT in
the treatment of spasticity.1 Since the different
preparations of BoNT have different potencies
and durations of action, the serotype and brand
of BoNT used in specific studies are provided in
the evidence tables, but the text distinguishes
their effects only when the data are sufficient to
do so, or when referring to specific dosages.

ANALYSIS OF EVIDENCE Hypersecretory disor-
ders. Primary focal hyperhidrosis is a chronic id-
iopathic disorder of excessive sweating which
most often affects the axillae, palms, soles, and
forehead. Treatment options include topical or
systemic pharmacologic therapy, iontophoresis,
or surgical procedures. Drooling may be a dis-
abling problem in parkinsonian syndromes,
amyotrophic lateral sclerosis, and cerebral palsy.
In these disorders, drooling is primarily due to de-
creased swallowing rather than increased salivary
production and may be amenable to pharmaco-
logic treatment or local radiation and surgery in
severe cases.

Axillary hyperhidrosis. Two Class I studies and
several Class II studies were identified in axillary
hyperhidrosis3,4 (table e-1 on the Neurology®

Web site at www.neurology.org). In a random-
ized, placebo-controlled, double-blind study of
320 subjects with axillary hyperhidrosis, 242 pa-
tients received BoNT and 78 received saline pla-
cebo intradermally.3 Patients receiving BoNT had
a higher response rate (more than 50% reduction
of sweat production compared to baseline sweat-
ing) at all time points than those receiving pla-
cebo (82% to 95% vs 20% to 37%; p � 0.001).
There was a similar pattern in the decrease of
sweat production, and improvement in quality of
life. Treatment-related adverse events were re-
ported by 27 patients (11%) receiving BoNT and
4 (5%) receiving placebo, but this difference was

not significant (p � 0.13). The mean duration of
therapeutic effect was 31 weeks.

In another Class I study of 145 patients with
axillary hyperhidrosis, BoNT was injected into
one axilla and placebo was injected into the other
in a randomized, double-blind manner.4 At week
2, sweat production was reduced in the axilla that
had received BoNT as compared with the
placebo-injected side (p � 0.001). Injections were
well tolerated.

Palmar hyperhidrosis. Two Class II5,6 and several
Class III studies were identified in the use of
BoNT in palmar hyperhidrosis (table e-1). In one
randomized, placebo-controlled, double-blind
Class II study in 19 patients with palmar hyperhi-
drosis, sweating was significantly reduced by
BoNT as compared with placebo based on gravi-
metric measurements. There was no resulting
muscle weakness.5 Another Class II study in 11
patients with palmar hyperhidrosis also showed
reduction of palmar sweating compared with pla-
cebo (p � 0.001) using a digitized ninhydrin test.6

One Class III study7 evaluated the effect of BoNT
on hand muscle strength. No grip weakness re-
sulted in any patients, whereas pinch strength was
reduced 2 weeks after the injection. Pinch
strength returned to baseline levels 2 months after
treatment.

Gustatory sweating. Five Class III studies were
identified on the use of BoNT in gustatory sweat-
ing after parotidectomy8-10 (selection in table e-1).
Intradermal injections of BoNT resulted in a sig-
nificant and consistent reduction of the area of
sweating without significant side effects.

Drooling in neurodegenerative diseases and hyperlac-

rimation. Four Class II11-14 studies were identified
in the treatment of sialorrhea in Parkinson’s dis-
ease (3 BoNT-A and 1 BoNT-B). One of the
studies11-14 also included 12 patients with ALS (ta-
ble e-1). BoNT significantly reduced the amount
of saliva production after injection of the parotid/
submandibular glands. Adverse events were re-
ported as mild. Only Class IV studies were
identified in the use of BoNT in hyperlacrima-
tion.15 These consistently showed a reduction of
tearing after injections of BoNT into the lacrimal
glands.

Conclusions. BoNT is established as safe and ef-
fective for the treatment of axillary hyperhidrosis
(two Class I studies), is probably safe and effec-
tive for palmar hyperhidrosis (two Class II stud-
ies) and in drooling in patients with PD (four
Class II studies), and is possibly effective for gus-
tatory sweating (five Class III studies). There is
insufficient evidence to support the effectiveness
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of BoNT in hyperlacrimation (Class IV studies).
Recommendations

• BoNT should be offered as a treatment op-
tion to patients with axillary hyperhidrosis
(Level A).

• BoNT should be considered as a treatment
option for palmar hyperhidrosis and drool-
ing (Level B).

• BoNT may be considered for gustatory
sweating (Level C).

Clinical context. While there are no head-to-
head comparisons of BoNT with other treat-
ment options in hyperhidrosis or drooling,
many clinicians offer BoNT to patients with
axillary hyperhidrosis unresponsive to topical
treatment and to patients with palmar hyperhi-
drosis as an alternative to iontophoresis or
sympathectomy. In neurodegenerative disor-
ders, particularly amyotrophic lateral sclerosis,
BoNT should be used with caution as dyspha-
gia or worsening weakness may occur. Al-
though the evidence for BoNT in gustatory
sweating is suboptimal, there is no effective al-
ternative treatment.

Neuro-urologic disorders. Patients with neuro-
genic bladder suffer from detrusor overactivity
(detrusor hyperreflexia), which may be combined
with detrusor sphincter dyssynergia (DSD; unco-
ordinated voiding). Both conditions cause high
intravesical pressure and can lead to upper uri-
nary tract damage. Treatment for both DSD and
detrusor overactivity include pharmacologic ther-
apy, catheterization, and surgery. Currently
available pharmacologic treatments are often in-
sufficient or not well tolerated.

Detrusor sphincter dyssynergia. There is one Class
I and two Class II studies of BoNT in DSD (table
e-2). In the Class I study, the effects of BoNT vs
placebo were studied on DSD in 86 patients with
multiple sclerosis (MS).16 The study employed a
single transperineal injection of Botox®, 100 units
in 4 mL normal saline, or placebo, into the stri-
ated sphincter with EMG guidance. The primary
endpoint was post-void residual volume at 30
days. Secondary endpoints included voiding and
urodynamic variables. A single injection of BoNT
did not decrease post-voiding residual volume in
this group of patients with MS. These findings
differ from those in patients with spinal cord in-
jury (discussed below) and may be due to lower
detrusor pressures in patients with MS.

A small Class II study in five patients with high
spinal cord injury found BoNT to be superior to
placebo for DSD.17 Measurements of urethral

pressure profile, post-voiding residual urine vol-
ume, and bladder pressure during voiding all de-
creased in treated patients while no changes from
baseline were observed in the placebo group. The
duration of the toxin effect averaged 2 months.
There was mild generalized weakness lasting 2 to
3 weeks in three patients after BoNT injections.
Another small Class II study compared the effects
of lidocaine (as control) to BoNT in 13 patients
with spinal cord disease including traumatic in-
jury, MS, and congenital malformations.18 Mea-
surement of post-void residual urine volume,
maximum urethral pressure, maximum detrusor
pressure, and micturition diary satisfaction score
demonstrated the superiority of BoNT to pla-
cebo. No significant side effects were reported in
this study.

Neurogenic detrusor overactivity. BoNT decreased
neurogenic detrusor overactivity in two Class I
studies (one BoNT-A and one BoNT-B),19,20 one
Class II study,21 and several Class III studies (table
e-2). In one Class I study, 59 patients with spinal
cord injury andMSwere enrolled in a single treat-
ment, randomized, placebo-controlled, 6-month
safety and efficacy study.19 Patients received ei-
ther BoNT-A or placebo. Injections were given
into the detrusor muscle, avoiding the bladder
base and trigone. Injection volume was 30 mL and
30 sites were injected. A single administration
into the detrusor muscle was well tolerated and
more effective than placebo in reducing the fre-
quency of incontinence episodes, enhancing blad-
der function, and improving quality of life.

In another Class I study, the use of BoNT was
studied for refractory neurogenic and non-
neurogenic detrusor overactivity.20 Twenty
patients, 18 to 80 years old, with detrusor overac-
tivity unresponsive to oral antimuscarinic agents,
participated in the study. Subjects were injected
with either placebo or BoNT-B. After 6 weeks,
treatments were crossed over. The primary out-
come was the paired difference in change in
average voided volumes. Secondary outcome
measures included frequency, incontinence epi-
sodes, and paired differences in quality of life, as
measured by the King’s Health Questionnaire.
There were significant paired differences in the
change in average voided volume, urinary fre-
quency, and episodes of incontinence between ac-
tive treatment and placebo. There were also
differences in the change in quality of life affect-
ing five domains of the King’s Health Question-
naire. This study is limited in that the study
population was comprised of a mixed population
of patients, with diverse etiologies of detrusor
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overactivity (neurogenic and non-neurogenic).
This limits the generalizability of the findings.
The absence of a sustained washout period before
the crossover might have biased the findings, and
the low dose of BoNT-B used may have affected
the duration of the results.

In another study, BoNT injection was com-
pared to resiniferatoxin instillation (inhibits blad-
der C-fiber afferent nerves) into the bladder in 25
patients with spinal cord lesions with neurogenic
detrusor overactivity.21 There was a significant
decrease in catheterization and incontinence epi-
sodes for both treatments at 6, 12, and 18 months
of follow-up. However, the BoNT injections pro-
vided superior clinical and urodynamic benefits
as compared to intravesical resiniferatoxin. There
were no significant side effects with either treat-
ment.

Conclusions. BoNT is established as safe and ef-
fective for the treatment of neurogenic detrusor
overactivity in adults (two Class I studies, one
Class II study). Data on the use of BoNT for DSD
are conflicting. BoNT is probably safe and effec-
tive for the treatment of DSD in patients with spi-
nal cord injury (two Class II studies). However,
on the basis of one Class I study, BoNT does not
provide significant benefit for the treatment of
DSD in patients with MS.

Recommendations

• BoNT should be offered as a treatment op-
tion for neurogenic detrusor overactivity
(Level A).

• BoNT should be considered for DSD in pa-
tients with spinal cord injury (Level B).

Clinical context. Although the use of BoNT for
the treatment of neuro-urologic disorders is en-
couraging, there are limited head-to-head com-
parisons of treatment options in DSD. Head-to-
head comparisons of detrusor overactivity need
to be done.

Low back pain. Low back pain (LBP) is a major
public health problem. Approximately 10% of
acute LBP syndromes develop into chronic LBP.
An analgesic effect for BoNT has been suggested
in a variety of painful conditions, including rect-
algia (anismus), pain associated with hemor-
rhoidectomy, mastectomy, cystitis, prostatitis,
and after radical neck dissection.

There is one Class II study of BoNT for the
treatment of chronic LBP (table e-3). BoNT was
compared to saline placebo in 31 adult patients
with chronic and predominantly unilateral LBP of
6 months or greater duration.22 The pathology
was mixed and included chronic disk disease,

prior lumbar spine surgery, and nonspecific de-
generative spine disease. BoNT or saline was in-
jected into paraspinal muscles unilaterally at five
sites between L1-S1 levels. The level of pain and
functional impairment were evaluated at baseline
and 3 and 8 weeks after treatment with visual an-
alog scale (VAS) and the Oswestry Low Back Pain
Questionnaire (OLBPQ). At 8 weeks, 60% of pa-
tients who had received BoNT demonstrated pain
relief (50% or more decrease in VAS score) in
contrast to 12.5% of the patients in the saline
group (p � 0.01, NNT � 2.1). There was func-
tional improvement in OLBPQ in 66.7% of the
patients on BoNT and 18.8% of the saline group
(p � 0.01, NNT � 2.1). BoNT also improved
function (i.e., sitting, standing, and sleeping,
quantified at six steps [0–6] for each subset).
There were no significant adverse effects.

Conclusions. BoNT is possibly effective for the
treatment of chronic predominantly unilateral
LBP (one Class II study).

Recommendation. BoNT may be considered as a
treatment option of patients with chronic pre-
dominantly unilateral LBP (Level C).

Clinical context. The evaluation and treatment
of LBP is complicated by its diverse potential
causes. In most clinical settings, it is difficult to
diagnose the precise origin of pain. This creates
challenges in study design, particularly in the se-
lection of homogeneous subject populations.

Headache. Episodic migraine is a headache that is
typically throbbing and often unilateral, usually
accompanied by photophobia, phonophobia,
nausea, or vomiting. The presence of focal neuro-
logic symptoms defines migraine with aura. Epi-
sodic tension-type headache may be defined as a
constant tight or pressing sensation, usually bilat-
eral, that is typically not associated with photo-
phobia, phonophobia, nausea, or vomiting.
Chronic daily headache (CDH) is a headache that
occurs more than 15 days out of a month, and it
may be a migraine (chronic or transformed mi-
graine) or tension-type headache (chronic
tension-type headache). Pharmacologic agents are
the mainstay for acute and prophylactic treat-
ment of most forms of headache.

There are 11 randomized, placebo-controlled
studies of BoNT in patients with headache23-33 (ta-
ble e-4). Six studies were graded Class II because
of a lack of description of allocation concealment
or because the studies lost more than 20% of pa-
tients to follow-up.27-32 One study33 was a ran-
domized crossover trial. This article did not
adequately describe the methodology of the
study. For example, it was unclear when patients
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were crossed over and if there was a washout pe-
riod. Because of these limitations, this study was
graded Class III.

Episodic migraine. There are two Class I23,24 and
two Class II studies25,27 of BoNT in patients with
episodic migraine. Enrolled patients had two to
eight episodic migraines per month. All the stud-
ies used a fixed-site injection strategy (i.e., sites of
injection were selected a priori irrespective of the
location of pain in an individual patient).

One Class I study24 compared BoNT-A to pla-
cebo in 232 patients with moderate to severe epi-
sodic migraine (four to eight episodes per month).
Up to a total of 25 U were injected into the fron-
tal, temporal, glabellar, or all three regions. The
study was powered to detect a difference of two
headaches per month between groups. There
were reductions from baseline in migraine fre-
quency, maximum severity, and duration, but
there was no significant difference between BoNT
and placebo groups at 1 to 3 months after injec-
tion. Another Class I study23 was comprised of
three sequential investigations of 418 patients
with re-randomization at each stage and doses
ranging from 7.5 to 50 U. All patients had a his-
tory of four to eight moderate to severe migraines
per month. BoNT-A and placebo produced a
comparable decrease from baseline in migraine
frequency at each timepoint between 1 and 4
months after injection, and there were no consis-
tent, statistically significant, between-group dif-
ferences.

The two Class II studies25,27 randomized pa-
tients to placebo or BoNT. The primary outcome
in one study27 was a change in the frequency of
moderate to severe migraines per month. In the
second study,25 the primary outcome was the pro-
portion of patients with 50% or more decrease in
the frequency of headaches as compared with
baseline. For the primary outcome measures, nei-
ther study demonstrated significant benefit of
BoNT. One study27 showed a significant reduc-
tion in the proportion of patients experiencing a
decrease of two or more headaches per month.
The rate difference between the placebo-treated
and the BoNT-treated patients was 19.5% (95%
CI, 0.8 to 35.8). Thus, the number needed to treat
(NNT) to result in one additional patient to have
a decrease of two or more headaches per month is
five. In the second study,25 which enrolled 60 pa-
tients, the rate difference between patients treated
with placebo and BoNT experiencing 50% or
more reduction in headache frequency was 5%,
favoring the BoNT-treated group. However, this
difference was not significant. The 95% CIs were

large, extending from �19.2% to 29.5%. Thus, a
clinically meaningful difference could not be ex-
cluded.

Conclusions. Based on published Class I and Class
II studies, BoNT injection is probably ineffective in
the treatment of episodic migraine (Level B).

Chronic daily headache. There are four Class II
studies of BoNT in CDH.28-31 CDH was explicitly
defined in all articles. All studies included a large
number of patients with transformed migraine.
One study30 evaluated a subgroup of patients with
CDHwhowere not on prophylactic medication.29

Three of the studies28-30 used a follow-the-pain
strategy for BoNT injections (i.e., the treating
physician modified the sites of injection based on
the location of pain in an individual patient). One
study31 used a fixed-site strategy. Follow-up dura-
tion varied from 3 to 11 months. Loss to
follow-up varied from 1.7% to 27%.

The primary outcome measure for all CDH
studies was the mean change in headache-free
days per month. Three of the studies used a run-in
period in which all patients were treated with pla-
cebo to identify placebo nonresponders.29-31 The
placebo nonresponders were the primary popula-
tion of interest for these studies. One of the stud-
ies28 demonstrated a significant benefit of BoNT
based on the primary outcome measure. This
study showed a mean increase in the number of
headache-free days per month of 11 days in the
BoNT-treated population as compared to 8 days
in the placebo group. Although no significant
benefit was observed for the overall cohort in an-
other study,29 the subgroup of patients with CDH
not on prophylactic medications had a significant
mean increase in headache-free days per month in
the BoNT vs placebo group (10 days vs 6.7 days,
respectively).30 The largest study of patients with
CDH,31 enrolling 702 patients, showed no signifi-
cant difference between BoNT-treated patients
and placebo.

We calculated the difference in the proportion
of patients attaining at least a 50% reduction in
CDH for the BoNT-treated and placebo-treated
patients (not the primary outcome for any of the
CDH studies). Two studies demonstrated a sig-
nificant benefit for BoNT relative to this outcome
with NNTs of 428 and 6.29 The largest study
showed no significant benefit of BoNT in reduc-
ing headache frequency compared to placebo.

Conclusions. Based on inconsistent results from
four Class II studies, there is insufficient evidence
to support or refute a benefit of BoNT for the
treatment of chronic daily headache (Level U).
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Chronic tension-type headache. Four studies de-
scribed outcomes in patients with chronic
tension-type headaches randomized to BoNT or
placebo injections. Two of these studies were
Class I,26,32 one Class II,31 and one Class III.33 The
definition of chronic tension-type headache was
explicit in three of the articles.26,32,33 One study32

excluded patients with a history of migraine. Two
articles32,33 allowed patients with migraine only if
they had a history of less than one migraine per
month.

A fixed-sites injection strategy was employed
in two studies,25,33 whereas two studies32,33 used a
follow-the-pain injection approach. The primary
outcome measure in the Class I study26 was the
area under the headache curve in the subjects’
headache diary. For the 6-week period starting 5
weeks postinjection, there was no significant dif-
ference, when compared to a baseline 6-week pe-
riod, between the BoNT and placebo groups. A
post hoc statistical analysis showed that this
study was sufficiently powered to detect a differ-
ence in reduction of headache frequency of one
headache per week. Thus, a clinically meaningful
effect of BoNT was excluded. The other Class I
study34 used as primary outcome the mean change
from baseline in number of headache-free days
from day 30 to 60 after injection. Both BoNT and
placebo groups improved after injection, but
BoNT was not more beneficial. A power analysis

was not provided. A benefit could be demon-
strated only in a secondary outcome measure, the
number of patients with �50% decrease in head-
ache days at day 90, in three of the five dosing
schemes. A Class II article32 used the mean differ-
ence in intensity of headache measured by a VAS
pre- and post-treatment. This study, which en-
rolled 30 patients, showed no significant differ-
ence in the severity of pain. As a secondary
outcome, this study also recorded the percentage
of patients obtaining a �45% reduction in head-
ache severity. There was no significant benefit of
BoNT, although this study was insufficiently
powered to exclude a clinically important differ-
ence.

Conclusions. Based on the results of two Class I
studies, at least one of which was adequately
powered, BoNT injection is probably ineffective
for patients with chronic tension-type headaches
(Level B).

Adverse events. Adverse events reported from
each study are listed in table e-4. The most com-
mon side effect, which occurred in 2.5% to 25%
of patients, and seen almost exclusively in the
BoNT group, was transient and mild muscle
weakness. The studies reported no serious ad-
verse events.

Recommendation. BoNT injections should not be
considered in patients with episodic migraine and
chronic tension-type headaches (Level B).

Table Botulinum neurotoxin (BoNT) for autonomic disorders and pain

Disorder Class Outcome measures Adverse events Conclusions Recommendations* Limitations

Axillary
hyperhidrosis

2 Class I Gravimetry; responder rate;
patient satisfaction

No difference between
BoNT and placebo

Safe and
effective

A No head-to-head comparisons
with other treatment options

Palmar
hyperhidrosis

2 Class II Gravimetry; ninhydrin test; VAS Injection pain; mild hand
muscle weakness

Probably
effective

B No head-to-head comparisons
with other treatment options

Gustatory
sweating

5 Class III Area of sweating; ninhydrin test;
self assessment

Injection pain Possibly
effective

C No head-to-head comparisons
with other treatment options

Drooling 4 Class II Drooling scores; weight of
dental roles; VAS

Dry mouth Probably
effective

B No head-to-head comparisons
with other treatment options

Detrusor
overactivity

2 Class I and
1 Class II

Urodynamic measures; QOL;
frequency of incontinence

Urinary retention Safe and
effective

A No head-to-head comparisons
with other treatment options

DSD in spinal
cord injury

2 Class II PRUV None known Probably
effective

B No head-to-head comparisons
with other treatment options

Low back pain 1 Class II VAS; Owestry low back pain
questionnaire

None known Possibly
effective

C Diverse etiologies for low back
pain

Episodic
migraine

2 Class I and
2 Class II

Change in frequency per month;
proportion with 50% decease in
frequency compared with
baseline

Ptosis, local transient pain
at the site of injection,
bruising, diplopia

Probably
ineffective

B Suboptimal dose and muscle
selection may account for
treatment failures

Tension-type
headache

2 Class I VAS; area under the curve;
proportion of severe headaches
post treatment

Transient weakness of neck
muscles, local skin tension,
ptosis , flulike reaction

Probably
ineffective

B Suboptimal dose and muscle
selection may account for
treatment failures

Chronic daily
headache

4 Class II Change in headache-free days Ptosis, transient weakness
of neck, flulike reaction

Insufficient
evidence

U Suboptimal dose and muscle
selection may account for
treatment failures

*Classification of recommendations is available on the Neurology® Web site at www.neurology.org.
VAS � visual analog scale; QOL � quality of life; DSD � detrusor sphincter dyssynergia; PRUV � post void residual urine volume.
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Clinical context. It is possible that underdosing
and suboptimal muscle selection may account for
some of the reported failures in studies of BoNT
in headache.

Summary. The evidence supporting the use of
BoNT in autonomic disorders and pain is sum-
marized in the table.

RECOMMENDATIONS FOR FUTURE RE-
SEARCH

• Many of the recommendations for future re-
search provided in the companion article on
BoNT for motor disorders are also pertinent
to nonmotor indications. Additional recom-
mendations follow.

• Larger placebo-controlled trials are needed
to evaluate the efficacy and safety of BoNT
for several hypersecretory disorders (palmar
hyperhidrosis, drooling), neuro-urologic in-
dications, and pain. Double-blind, placebo-
controlled, randomized studies are needed to
determine the effect of BoNT in different
subsets of headache. Additionally, head-to-
head studies of BoNT vs and combined with
other proven effective therapies should be
undertaken.

DISCLAIMER This statement is provided as an
educational service of the American Academy of
Neurology. It is based on an assessment of current
scientific and clinical information. It is not in-
tended to include all possible proper methods of
care for a particular neurologic problem or all le-
gitimate criteria for choosing to use a specific pro-
cedure. Neither is it intended to exclude any
reasonable alternative methodologies. The AAN
recognizes that specific patient care decisions are
the prerogative of the patient and the physician
caring for the patient, based on all of the circum-
stances involved. The clinical context section is
made available in order to place the evidence-
based guideline(s) into perspective with current
practice habits and challenges. No formal prac-
tice recommendations should be inferred.
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