
EDITORIAL

Botulinum toxin and spasticity

The clinical eVects of botulinum toxin have been
recognised since the end of the 19th century. It is the most
potent neurotoxin known and it is produced by the gram
negative anaerobic bacterium Clostridium botulinum. The
paralytic eVect of the toxin is due to blockade of
neuromuscular transmission.1 Injection into a muscle
causes chemodenervation and local paralysis and this eVect
has led to the development of the toxin as a therapeutic
tool. It is now used clinically for a wide range of
conditions,2 particularly focal dystonias, and increasingly
for spasticity. This paper reviews the mode of action of
botulinum and focuses on its use in the management of
spasticity.

Clinical pharmacology
There are seven immunologically distinct serotypes of
botulinum toxin (labelled A-G). This review concentrates
on the only type in routine clinical use—type A (BTX-A).
Currently, type B,3 4type C,5 and type F6–8 are being inves-
tigated for clinical use and type B may be available in the
near future.

Botulinum toxin acts at the neuromuscular junction by
inhibiting the release of acetylcholine. It acts selectively on
peripheral cholinergic nerve endings causing chemical
denervation after the binding, internalisation, and activa-
tion of the toxin at the neuromuscular junction. The toxin
is synthesised as a relatively inactive single polypeptide
chain.

Selective high aYnity binding of BTX-A occurs at the
neuromuscular junction. After internalisation, it is acti-
vated when its structure is modified by cleavage of the
disulfide bond linking the light and heavy chain. The N
terminal of the heavy chain then promotes penetration and
translocation of the light chain across the endosomal
membrane into the cytosol. This then interacts with, and
cleaves the fusion protein SNAP 25 (synaptosomal associ-
ated protein) inhibiting the calcium mediated release of
acetylcholine from the presynaptic nerve terminal.9 10

Nerve sprouting and muscle re-innervation lead to
functional recovery within 2 to 4 months.

Type E acts in the same way, types B, D, F and G act
similarly, but cleave the vesicular associated membrane
protein (VAMP) and type C acts by cleaving syntaxin and
SNAP 25.

Botulinum toxin type A is commercially purified for
clinical use and marketed as Dysport® (Ipsen) and
BOTOX® (Allergan). A vial of Dysport® contains 500
Units and a vial of BOTOX® contains 100 Units. There

are significant diVerences between the potencies of these
products in the clinical situation and an equivalency ratio
of Dysport®/BOTOX® ranging from 3:1 to 4:1 is
generally accepted.11–13

Subtypes of botulinum toxin
Other serotypes of botulinum toxin may have a future part
to play—particularly in those who fail to respond to
BTX-A.

Studies have shown that type B is eVective, safe, and well
tolerated with mild and transient side eVects.3 4 Type B
seems to be eVective in both A responders and A
non-responders.14 Its adverse event profile is similar to type
A. Antibodies to type A do not cross react with type B;
therefore this toxin has considerable potential for use in
those failing to respond to BTX-A, or as an alternative first
line treatment.

The temporal profile and eVects of type C are similar to
type A5 and type F is also eVective in A resistant patients
with neutralising antibodies. However, its mean duration of
5 weeks is shorter than that of BTX-A, thus limiting its
clinical usefulness.7 15 16

Clinical issues
Despite botulinum toxin being a potent neurotoxin, the
safety profile of its purified form is impressive.17 However,
there are some side eVects and a few contraindications.
The latter include myasthenia gravis, Lambert-Eaton syn-
drome, and other neuromuscular disorders, pregnancy,
and the use of aminoglycoside antibiotics.

SIDE EFFECTS

These can be either local or systemic. The most common
local adverse eVect is weakness. This is usually minimal
and transient and occurs because of local diVusion of the
toxin.18 19 Dysphagia, for example, can occur after injec-
tions for the treatment of cervical dystonia.20 21 Ptosis is the
most common problem after injections for blepharospasm
and hemifacial spasm.22 23

Systemic adverse eVects, although rare, include transient
flu-like symptoms, anaphylaxis, and excessive fatigue.
Cases of generalised muscular weakness have been
reported24 25 and abnormal neuromuscular transmission
(albeit subclinical) has been demonstrated using single
fibre EMG26 in muscles distant from the site of injection.

IMMUNORESISTANCE

Most people injected with the toxin continue to show
responsiveness at repeated treatments. However, some do
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not respond initially (primary non-responders) and others
respond initially but fail to respond with subsequent injec-
tions (secondary non-responders). Antibody production is
thought to be the cause of this secondary non-response.

In the clinical situation, antibody resistance should be
suspected in those who show secondary non-
responsiveness, no response, or a poor clinical response to
BTX-A injections. Clinical guidelines for the evaluation of
secondary non-responsiveness have recently been
published.27 If immunoresistance is suspected, the eye-
brow and frontalis tests are useful28 or an antibody assay
such as the in vivo mouse protection bioassay, or
preferably a radioimmunoprecipitation assay29 could be
carried out. However, in practical terms the injections are
usually continued until the clinical response becomes
insignificant. At this time other treatment options should
be considered. Anecdotally some patients seem to respond
to substitution of the alternative manufacturer’s type A
toxin. Other people seem to benefit from a botulinum
“holiday” of about 6 months. After this break some
patients will once again respond. However, there is no
published evidence confirming the eYcacy of these two
approaches. Hopefully in the near future type B toxin will
be available and should be helpful in the management of
type A non-responders.

Factors which may aVect the risk of developing
immunoresistance include the dosage used and the time
interval between injections. Higher amounts seem more
likely to lead to antibody production.30 To reduce the like-
lihood of non-responsiveness, using the lowest dose to
achieve the desired eVect is suggested.31 32 The likelihood of
antibody production also increases with shorter dosage
intervals.14 17 31

Therapeutic uses
Botulinum toxin type A is currently used for various
conditions.32 The table indicates some of the commoner
conditions reported in the literature, with appropriate
supporting references. The current licensed indications
for Dysport® and BOTOX® are blepharospasm, hemifa-
cial spasm, cervical dystonia, and the treatment of
dynamic equinus foot deformity in people with cerebral
palsy, from 2 years old. Its use in spasticity is the focus of
this article.

SPASTICITY

Spasticity can lead to significant physical problems includ-
ing spasms, restricted range of movement, pain, and
contractures, as well as functional diYculties including the

maintenance of personal hygiene. Treatment is usually
aimed at improving function, alleviating pain, or minimis-
ing complications. Regimes focus on physiotherapy,
including appropriate seating and orthoses, oral medica-
tions, phenol, or alcohol nerve blocks and the use of more
advanced techniques such as intrathecal baclofen and
surgery.67 However, spasticity, particularly after focal brain
lesions, will tend to be focal in nature. Thus, systemic
medication is often inappropriate and treatment needs to
concentrate on the relevant overactive muscle groups—
hence the potential value of botulinum.

GENERAL USE

The first report in 198968 confirmed the eYcacy and safety
of BTX-A in spasticity and several open labelled and other
studies went on to support these findings.69–77 Thus, the
early work with BTX-A in spasticity from varying aetiolo-
gies was positive. The treatment seemed safe with the
potential both to reduce spasticity and improve function.
Further studies then focused on spasticity secondary to
specific causes and began to provide more precise data
about appropriate techniques, dosages, and the use of
adjunctive therapy.

Stroke
Early open label studies investigated the use of BTX-A in
people with upper limb spasticity secondary to stroke and
all supported its use and provided evidence of its eVective-
ness in reducing muscle tone.72 75 76

Hesse and Mauritz72 found the use of higher dosages
(1600 MU Dysport®) injected into a greater number of
sites, using EMG guidance, to be most eVective in
reducing spasticity. If the spasticity was reduced, ease
of personal care was reported to increase although
changes on disability rating scales were not achieved.
Bhakta et al75 suggested that BTX-A is safe and eVective
at reducing both disability and spasticity in those with
severe upper limb spasticity. By contrast, others76

confirmed improvements in spasticity but found that most
people studied rated their functional improvement as none
or mild. However, only hand and finger flexors were
injected—leaving elbow flexors untreated and thus
resulting in little improvement in disability. A multicentre
randomised, double blind, placebo controlled trial studied
the use of the toxin in poststroke severe upper extremity
spasticity.78 Thirty nine patients (all at least 9 months after
stroke and thus at a stage when natural improvement was
unlikely) were randomised to receive either placebo or one
of three diVerent doses of BOTOX® (75, 150, or 300
units) into the elbow and wrist flexors. Treatment with the
highest dose resulted in a statistically significant mean
decrease in muscle tone for up to 6 weeks after injection
but there were no significant diVerences between placebo
and treatment for motor functions, pain, caregiver
dependency, and competence in daily activities. However,
this result was not in accord with results obtained in other
open series75 79 that had shown an increased range of
motion, facilitation of hand hygiene, and improved motor
function. The lack of demonstrable functional benefit in
this study may be because most of the cases had
reasonable function at baseline, with little scope for
improvement and the global functional measures used
may not have been suYciently sensitive. The standardised
injection criteria also meant that other involved muscles
could not be treated appropriately. Hence it seems
that BTX-A treatment needs to be individualised,
particularly for muscles injected. Rigid protocols are inap-
propriate.

Other studies80 81 have confirmed eYcacy and safety in
lower limb spasticity. Significant positive changes on the

Reported uses of botulinum toxin

Diagnosis References

Strabismus (33)(34)
Blepharospasm* (35) (22) (36) (37)(38)
Oromandibular dystonia (36) (39)
Hemifacial spasm* (22) (40) (23)
Task specific dystonia (41)
Laryngeal dystonia (42)(43)
Cervical dystonia* (20)(21) (36)(37) (44)(45)(46)(47)(48)
Acquired nystagmus (49)
Oscillopsia (34)
Tremor (50)(51)(52)(53)(54)
Tics (2)
Detrusor sphincter dyssynergia (55)(56)(57)(58)
Achalasia (59)
Anismus/vaginismus (60)
Cosmesis (61)
Hyperhidrosis (62)(63)(64)
Myofacial pain (65)
Temporomandibular joint dysfunction (2)
Cervicogenic headache (66)
Spasticity* See text

Licensed uses denoted by*.
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Ashworth scale80 and on gait analysis variables81 have been
found, as well as subjective improvements.

Multiple sclerosis and traumatic brain injury
In multiple sclerosis the beneficial eVect of BTX-A on focal
spastic muscle contractions was shown in a double blind,
cross over trial involving nine people with chronic multiple
sclerosis.82 Injection into the adductor muscle group
resulted in statistically significant reductions in spasticity
and improvements in ease of nursing care. Other
uncontrolled reports supported these findings.73 74 77 83

Only a few reports specifically consider spasticity
secondary to traumatic brain injury. In one open labelled
study, 21 people with severe spasticity in the wrist and fin-
ger flexors were injected with BOTOX®,84 Passive range of
movement exercises and casting were also employed as
clinically indicated. Statistically significant improvements
in range of movement and spasticity were documented in
both the acutely (up to 12 months) and chronically (more
than 12 months) injured. The eVect of botulinum toxin on
tone in the early stages of rehabilitation has also been
evaluated.85 The upper limb muscles found to be contrib-
uting to the spasticity on clinical examination were injected
under EMG guidance in six people with severe traumatic
brain injury. Although improvements in activities of daily
living were described and statistically significant improve-
ments on the Ashworth scale and range of movements
occurred, the results may have been confounded by the use
of casting. Another case study86 also showed a significant
reduction in tone with the use of toxin in lumbrical
spasticity—an important disability.

Cerebral palsy
Spasticity is a major problem in cerebral palsy. Animal
model work supported the theory that tone reduction in
the spastic muscle, using BTX-A, reverses the failure of
longitudinal muscle growth.87 If this is translated into the
child then BTX-A has the potential to correct motor
imbalance, improve functional position and gait, and delay
or obviate the need for surgery.

Several open studies reported the beneficial eVects of
BTX-A when used in cerebral palsy for the treatment of
both upper and lower limb spasticity.88–90 Cosgrove et al88

injected 26 children, both ambulatory and non-
ambulatory, who had dynamic contractures of the lower
limb interfering with positioning or walking. A reduction in
tone occurred within 3 days of the injections and lasted
from 2 to 4 months. In addition, a subjective functional
improvement was also noted by the parents and ambula-
tory status improved. The total dosage used was from
100–400 MU Dysport® per child and no side eVects were
noted. In a similar population, Koman et al89 injected the
paraspinous and lower limb muscles, demonstrating a
decrease in tone and improvement in positioning and gait.
Others90 have looked at injections into the adductor pollicis
for the treatment of the thumb in palm deformities.
Although splinting was also used, all cases showed
improvements in cosmesis and function.

The first double blind placebo controlled trial included
12 children with dynamic equinovarus deformities.91

Significant improvements in muscle tone and motor
performance were demonstrated in the treatment group
after injections into the medial and lateral heads of the gas-
trocnemius muscle. There were no side eVects with the
dosage of 2 MU/kg body weight.

Others have used 4 MU/kg BOTOX®.92 This was
injected into the gastrocnemius muscle as a treatment for
equinus gait in 26 cases. Significant improvements in the
gait analysis variables of dynamic ankle dorsiflexion in both

swing and stance phases, stride length, and EMG of the
tibialis anterior were obtained.

Others93 94 not only describe a reduction in tone but also
comment on a reduction in pain, increased ease of care,
and increased function. One group95 reported the use of
BTX-A in both spastic and dystonic cerebral palsy in chil-
dren as young as 1 year old. They indicated that some of
their most successful results were in children under the age
of 3. Most authors propose early treatment, preferably
before 6 years, in an eVort to avoid the development of
fixed contractures.

Another randomised double blind placebo controlled
trial has studied the eVects of BTX-A injections in the
upper limb.96 In 14 children with a dynamic component to
their spasticity, BOTOX® was used at a dose of 4 MU/kg
(90–250 MU) and Dysport® was used at a dose of 8–9
MU/kg (160–400 MU). Significant increases in maximum
active elbow and thumb extension and significant de-
creases in wrist and elbow tone were obtained in combina-
tion with a modest functional change. A notable point was
the cosmetic benefit found from the reduction in involun-
tary elbow flexion.

More recently trials have compared the use of the toxin
with more conservative forms of treatment such as
casting.97 In 20 children with dynamic calf equinus, the
eYcacy of BTX-A and casting were similar using three
dimensional video gait analysis and clinical examination as
the short term outcome measures. However, the tone
reduction in the toxin group allowed a more prolonged
improvement in passive dorsiflexion, which could poten-
tially allow more opportunity for an increase in muscle
length.

On the whole, the use of toxin in cerebral palsy is eVec-
tive but careful goal planning and objective assessments
should be used.

ADJUNCTIVE THERAPY

Botulinum is rarely a treatment in isolation. In clinical
practice it is often combined with ongoing physiotherapy,
orthoses, and perhaps continuing oral medication. A few
studies have evaluated the eYcacy of BTX-A in combina-
tion with other treatment modalities.98 99 Hesse et al98 com-
pared the eVects of a combination of selective, lower dose
BTX-A injections (100 MU BOTOX®) into the tibialis
posterior with ankle taping compared with toxin alone into
calf muscles. Both groups showed a reduction in spasticity,
increased gait velocity, and step length and a change in the
position of the foot, at rest and during passive movement.
Although the conclusion was that both regimes were eVec-
tive in reducing foot inversion, the combination group had
less gain in passive dorsiflexion. These findings supported
previous suggestions that higher dosages of BTX-A are
more eVective at correcting foot position and increasing the
passive range of movements.70 74 81 However, the specific
problem of inversion can be satisfactorily treated using a
combined approach and this may represent a more cost
eVective solution79 and may also reduce the risk of antibody
development.100

A randomised placebo controlled study assessed combi-
nation treatment with short term electrical stimulation99

using four treatment groups in 24 people with stroke.
Injections of either placebo or toxin (1000 MU Dysport®)
into six upper limb flexor muscles were combined with
additional electrical stimulation in two of the groups. The
stimulation was given three times for half an hour for 3 days
and assessments occurred before and after injection. Most
improvements were seen in the combination group with a
statistically significant improvement in palm cleaning, dif-
ferences in tone, and placing the arm through a sleeve. This
may indicate that short term electrical stimulation
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enhances the eVectiveness of BTX-A. Further studies are
now needed to determine the place of botulinum toxin in
combination with other treatments.

Conclusions
The usefulness of BTX-A in the management of various
clinical conditions is increasing. Its use for the treatment of
some movement disorders is now well accepted.32

It is increasingly being used for the management of focal
spasticity secondary to various aetiologies in adults, and in
childhood cerebral palsy. It is suggested that functional
benefits may be enhanced by careful patient selection and
individualised treatment. Its reversible yet long lasting
action, ease of administration, and favourable safety and
adverse eVect profile are factors that contribute to its use-
fulness. However, the optimal time to initiate treatment
and the potential for combination treatment needs more
research. There are two major limitations. Firstly, the cost
of the toxin is appreciable and more widespread usage and
increasing indications will begin to have a significant
impact on purchasers of health services. Secondly, the need
for repeat injections means that attendees in botulinum
clinics will steadily increase. The introduction of trained
nurse practitioners to administer injections in those with
stable requirements may be a way around this logistic
problem.101

Overall, botulinum toxin has been a major advance in the
field of movement disorders and in the management of
spasticity.

ELIZABETH C DAVIS
MICHAEL P BARNES

Hunters Moor Regional Neurorehabilitation Centre, Hunters Road,
Newcastle upon Tyne NE2 4NR, UK

Correspondence to: Professor Michael P Barnes
m.p.barnes@ncl.ac.uk

1 Burgen ASV, Dickens F, Zatman LJ. The action of botulinum toxin on the
neuromuscular junction. J Physiol 1949;109:10–24.

2 Jankovic J. Botulinum toxin in movement disorders. Curr Opin Neurol 1994;
7:358–66.

3 Tsui JKC, Hayward M, Mak EKM, et al. Botulinum toxin type B in the
treatment of cervical dystonia: a pilot study. Neurology 1995;45:109–10.

4 Lew MF, Adornato BT, Duane DD, et al. Botulinum toxin type B (BotB): a
double blind, placebo controlled, safety and eYcacy study in cervical dys-
tonia. Neurology 1997;49:701–7.

5 Eleopra R, Tugnoli V, Rossetto O, et al. Botulinum neurotoxin serotype C: a
novel eVective botulinum toxin therapy in human. Neurosci Lett 1997;224:
91–4.

6 Greene PE, Fahn S. Use of botulinum toxin type F injections to treat torti-
collis in patients with immunity to botulinum toxin type A. Mov Disord
1993;8:479–83.

7 Houser MK, Sheean GL, Lees AJ. Further studies using higher doses of
botulinum toxin type F for torticollis resistant to botulinum toxin type A. J
Neurol Neurosurg Psychiatry 1998;64:577–80.

8 Ludlow CL, Hallett M, Rhew K, et al. Therapeutic uses of type F botulinum
toxin [letter]. N Engl J Med 1992;326:349–50.

9 Blasi J, Chapman E, Link E, et al. Botulinum neurotoxin A selectively
cleaves the synapse protein SNAP-25. Nature 1993;265:160–3.

10 Rosales R, Arimura K, Takenaga S, et al. Extrafusal and intrafusal muscle
eVects in experimental botulinum toxin A injection. Muscle Nerve 1996;19:
488–96.

11 Brin MF, Blitzer A. Botulinum toxin: dangerous errors [letter]. J R Soc Med
1993;86:493–4.

12 Odergren T, Hjaltson H, Kaakkola S, et al. A double blind, randomised, par-
allel group study to investigate the dose equivalence of Dysport and Botox
in the treatment of cervical dystonia. J Neurol Neurosurg Psychiatry
1998;64:6–12.

13 Sampaio C, Ferreira JJ, Simoes F, et al. A. DYSBOT: a single blind,
randomised parallel study to determine whether any diVerences can be
detected in the eYcacy and tolerability of the formulations of botulinum
toxin type A-Dysport and Botox assuming a ratio of 4:1. Mov Disord 1997;
12:1013–18.

14 Cullis PA, O’Brien CF, Truong DD, et al. Botulinum toxin type B: an open-
label, dose-escalation, safety and preliminary eYcacy study in cervical dys-
tonia patients. Adv Neurol 1998;78:227–30.

15 Sheean GL, Lees AJ. Botulinum toxin F in the treatment of torticollis clini-
cally resistant to botulinum toxin A. J Neurol Neurosurg Psychiatry 1995;59:
601–7.

16 Mezaki T, Kaji R Kohara N, FujiiiH, et al. Comparison of therapeutic eY-
cacies of type A and F botulinum toxins for blepharospasm: a double blind
controlled study. Neurology 1995;45:506–8.

17 National Institutes of Health Consensus Development Conference. Clinical
use of botulinum toxin. Arch Neurol 1991;48:1294–8.

18 Eleopra R, Tugnoli V, Caniatti L, et al. Botulinum toxin treatment in the
facial muscles of humans: evidence of an action in untreated near muscles
by peripheral local diVusion. Neurology 1996;46:1158–60.

19 Borodic GE, Ferrante R, Pearce LB, et al. Histologic assessment of
dose-related diVusion and muscle fiber response after therapeutic
botulinum A toxin injections. Mov Disorder 1994;9:31–9.

20 Stell R, Thompson PD, Marsden CD. Botulinum toxin in spasmodic torti-
collis. J Neurol Neurosurg Psychiatry 1988;51:920–3.

21 Blackie JD, Lees AJ. Botulinum toxin treatment in spasmodic torticollis. J
Neurol Neurosurg Psychiatry 1990;53:640–3.

22 Dutton JJ. Acute and chronic eVects of botulinum toxin in the management
of blepharospasm. In: Jankovic J, Hallett M, eds. Therapy with botulinum
toxin. New York: Marcel Dekker, 1994:199–209.

23 Jitpimolmard S, Tiamkao S, Laopaiboon M. Long term results of botulinum
toxin type A (Dysport) in the treatment of hemifacial spasm: a report of
175 cases. J Neurol Neurosurg Psychiatry 1998;64:751–7.

24 Bakheit AMO, Ward CD, McLellan DL. Generalised botulism-like
syndrome after intramuscular injections of botulinum toxin type A: a report
of two cases. J Neurol Neurosurg Psychiatry 1997;62:198.

25 Bhatia KP, Munchau A, Thompson PD, et al. Generalised muscular weak-
ness after botulinum toxin injections for dystonia: a report of three cases. J
Neurol Neurosurg Psychiatry 1999;67:90–3.

26 Olney RK, AminoV MJ, Gelb DJ, et al. Neuromuscular eVects distant from
the site of botulinum neurotoxin injection. Neurology 1988;38:1780–3.

27 Hanna PA, Jankovic J, Vincent A. Comparison of mouse bioassay and
immunoprecipitation assay for botulinum toxin antibodies. J Neurol Neuro-
surg Psychiatry 1999;66:612–16.

28 Hanna PA, Jankovic J. Mouse bioassay versus western blot assay for botuli-
num toxin antibodies. Correlation with clinical response. Neurology
1998;50:1624–9.

29 Palace J, Nairne A, Hyman N, et al. A radio-immuno-precipitation assay for
antibodies to botulinum A. Neurology 1998;50:1463–6.

30 Goschel H, Wohlfahrt K, Frevert J, et al. Botulinum A toxin therapy:
neutralizing antibodies: therapeutic consequences. Exp Neurol 1997;147:
96–102.

31 Ward AB. Botulinum toxin in spasticity management. British Journal of
Therapy and Rehabilitation 1999;6:447–52

32 Jankovic J, Brin MF. Therapeutic uses of botulinum toxin. N Engl J Med
1991;3224:1186–94.

33 Scott AB. Botulinum toxin injection into extraocular muscles as an alterna-
tive to strabismus surgery. Ophthalmology 1979;87:1044–9.

34 Lee JP. Strabismus and other ocular motility disorders. In: Moore P, ed.
Botulinum toxin treatment. Oxford: Blackwell, 1995:71–89.

35 Price J, Farish S, Taylor H, et al. Blepharospasm and hemifacial spasm.
Ophthalmology 1997;104:965–8.

36 Jankovic J, Orman J. Botulinum A toxin for cranial cervical dystonia: a dou-
ble blind placebo controlled study. Neurology 1987;37:617–23.

37 Jankovic J, Schwartz K, Donovan DT. Botulinum toxin treatment for
cranio-cervical dystonia, spasmodic dysphonia, other focal dystonias and
hemifacial spasm. J Neurol Neurosurg Psychiatry 1990;53:633–9.

38 Jankovic J, Schwartz K. Longitudinal experience with botulinum toxin
injections for treatment of blepharospasm and cervical dystonia. Neurology
1993;43:834–6.

39 Brin MF, Blitzer A, Herman S, et al. Oromandibular dystonia: treatment of
96 patients with botulinum toxin type A. In: Jankovic J, Hallett M, eds.
Therapy with botulinum toxin. New York: Marcel Dekker, 1994:429–35.

40 Borodic GE. Hemifacial spasm: evaluation and management, with emphasis
on botulinum toxin therapy. In: Jankovic J, Hallett M, eds. Therapy with
Botulinum toxin. New York, Marcel Dekker: 1994:331–51.

41 Tsui JKC, Bhatt M, Calne S, Calne DB: Botulinum toxin in the treatment
of writer’s cramp: a double blind study. Neurology 1993;43:183–5.

42 Truong DD, Rontal M, Rolnick M, et al. Double blind controlled study of
botulinum toxin in adductor spasmodic dysphonia. Laryngoscope 1991;101:
630–4.

43 Whurr R, Lorch M, Fontana H, et al. The use of botulinum toxin in the
treatment of adductor spasmodic dysphonia. J Neurol Neurosurg Psychiatry
1993;56:526–30.

44 Dauer WT, Burke RE, Greene P, et al. Current concepts on the clinical fea-
tures, aetiology and management of idiopathic cervical dystonia. Brain
1998;121:547–60.

45 Tsui JKC, Eisen A, Stoessl AJ, et al. Double blind study of botulinum toxin
in spasmodic torticollis: Lancet 1986;ii:245–7.

46 Gelb DJ, Lowenstein DH, AminoV MJ. Controlled trial of botulinum toxin
injections in the treatment of spasmodic torticollis. Neurology 1989;39:80–
4.

47 Lorentz IT, Subramaniam SS, Yiannikas C. Treatment of idiopathic
spasmodic torticollis with botulinum toxin A: a double blind study on
twenty-three patients. Mov Disord 1991;6:145–50.

48 Brans JW, Lindeboom R, Aramideh M, et al. Long-term eVect of botulinum
toxin on impairment and functional health in cervical dystonia. Neurology
1998;50:1461–3.

49 Helveston CM, Pogrebniak AE. Treatment of acquired nystagmus with
botulinum A toxin. Am J Opthalmol 1988;106:584–6.

50 Jankovic J, Schwartz K: Botulinum toxin treatment of tremors. Neurology
1991;41:1185–8.

51 Jankovic J, Schwartz K, Clemence W, et al. A randomised, double blind, pla-
cebo controlled study to evaluate botulinum toxin type A in essential hand
tremor. Mov Disord 1996;11:250–6.

52 Pahwa R, Busenbark K, Swanson- Hyland EF, et al. Botulinum toxin treat-
ment of essential head tremor. Neurology 1995;45:822–4.

53 Trosch RM, Pullman SL. Botulinum toxin A injections for the treatment of
hand tremors. Mov Disord 1994;9:601–9.

54 Wissel J, Mashur F, Schelosky L, et al. Quantitative assessment of botulinum
toxin in 43 patients with head tremor. Mov Disord 1997;12:722–6.

55 Dykstra DD, Sidi AA. Treatment of detrusor-sphincter-dyssynergia with
botulinum A toxin: a double blind study. Arch Phys Med Rehabil 1990;71:
24–6.

56 Schurch B, Hauri D, Rodic B, et al. Botulinum A toxin as a treatment of
detrusor-sphincter-dyssynergia: a prospective study in 24 spinal cord injury
patients. J Urol 1996;155:1023–9.

57 Petit H, Wiart L, Gaujard E, et al. Botulinum A toxin treatment for
detrusor-sphincter-dyssynergia in spinal cord disease. Spinal Cord 1998;36:
91–4.

58 Gallien P, Robineau S, Verin M, et al. Treatment of detrusor-sphincter-
dyssynergia by transperineal injection of botulinum toxin. Arch Phys Med
Rehabil 1998;79:715–17.

146 Davis, Barnes

www.jnnp.com

http://jnnp.bmj.com


59 Schiano TD, Parkman HP, Miller LS, et al. Use of botulinum toxin in the
treatment of achalasia. Dig Dis 1998;16:14–22.

60 Fowler CJ. Disorders of the pelvic floor. In: Moore P, ed. Botulinum toxin
treatment. Oxford: Blackwell, 1995:263–9.

61 Carruthers A, Carruthers JDA. Botulinum toxin in the treatment of glabel-
lar frown lines and other facial wrinkles. In: Jankovic J, Hallett M, eds.
Therapy with botulinum toxin. New York: Marcel Dekker: 1994:577–95.

62 Naumann M, Hofmann U, Bergmann I, et al. Focal hyperhidrosis. Arch Der-
matol 1998;134:301–4.

63 Schnider P, Binder M, Kittler H, et al. Double blind trial of botulinum A
toxin for the treatment of focal hyperhidrosis of the palms. Br J Dermatol
1998;138:553–4.

64 Odderson IR. Axillary hyperhidrosis: treatment with botulinum toxin A.
Arch Phys Med Rehabil 1998;79:350–2.

65 Quardo MA, Borodic GE. Treatment of myofacial pain with botulinum A
toxin. Anaesthesiology 1994;80:705–6.

66 Hobson DE, Gladish DF. Botulinum toxin injection for cervicogenic head-
ache. Headache 1997;37:253–5.

67 Barnes MP. Management of spasticity. Age Ageing 1998;27:239–45.
68 Das TK, Park DM. EVect of treatment with botulinum toxin on spasticity.

Postgrad Med J 1989;65:208–10.
69 Pullman SL, Greene P, Fahn S, et al. Approach to the treatment of limb dis-

orders with botulinum toxin A. Experience with 187 patients. Arch Neurol
1996;53:617–24.

70 Dengler R, Neyer U, Wohlfarth K, et al. Local botulinum toxin in the treat-
ment of spastic foot drop. J Neurol 1992;239:375–8.

71 Memin B, Pollak P, Hommel M, et al. Treatment of spasticity with
botulinum toxin. Rev Neurol (Paris) 1992;148:212–14.

72 Hesse S, Friedrich H, Domasch C, et al. Botulinum toxin therapy for upper
limb spasticity: preliminary results. Journal of Rehabilitation Science 1992;5:
98–101.

73 Konstanzer A, Ceballos-Baumann AO, Dressnandt J, et al. Botulinum toxin
A treatment in spasticity of arm and leg. Nervenarzt 1993;64:517–52.

74 Dunne JW, Heye N, Dunne SL. Treatment of chronic limb spasticity with
botulinum toxin A. J Neurol Neurosurg Psychiatry 1995;58:232–5.

75 Bhakta BB, Cozens JA, Bamford JM, et al. Use of botulinum toxin in stroke
patients with severe upper limb spasticity. J Neurol Neurosurg Psychiatry
1996;61:30–5.

76 Sampaio C, Ferreira JJ, Pinto AA, et al. Botulinum toxin type A for the treat-
ment of arm and hand spasticity in stroke patients. Clinical Rehabilitation
1997;11:3–7.

77 Grazko MA, Polo KB, Bhaman J. Botulinum toxin for spasticity, muscle
spasms, and rigidity. Neurology 1995;45:712–17.

78 Simpson DM, Alexander DN, O’Brien CF, et al. Botulinum toxin type A in
the treatment of upper extremity spasticity: a randomised, double blind,
placebo controlled trial. Neurology 1996;46:1306–10.

79 Pierson SH, Katz DI, Tarsy D. Botulinum A toxin in the treatment of
spasticity: Functional implications and patient selection. Arch Phys Med
Rehabil 1996;77:717–21.

80 Burbaud P, Wiart L, Dubos JL, et al. A randomised, double blind, placebo
controlled trial of botulinum toxin in the treatment of spastic foot in hemi-
paretic patients. J Neurol Neurosurg Psychiatry 1996;61:265–9.

81 Hesse S, Lucke D, Malezic M, et al. Botulinum toxin treatment for lower
limb extensor spasticity in chronic hemiparetic patients J Neurol Neurosurg
Psychiatry 1994;57:1321–4.

82 Snow BJ, Tsui JKC, Bhatt MH, et al. Treatment of spasticity with botulinum
toxin: a double blind study. Ann Neurol 1990;28:512–15.

83 Benecke R. Botulinum toxin for spasms and spasticity in the lower extremi-
ties. In: Jankovic J, Hallett M, eds. Therapy with botulinum toxin. New York:
Marcel Dekker, 1994:557–65.

84 Yablon SA, Agana BT, Ivanhoe CB, et al. Botulinum toxin in severe upper
extremity spasticity among patients with traumatic brain injury: an open
labelled trial. Neurology 1996;47:939–44.

85 Pavesi G, Brianti R, Medici D, et al. Botulinum toxin type A in the treatment
of upper limb spasticity among patients with traumatic brain injury [letter].
J Neurol Neurosurg Psychiatry 1998;64:419–20.

86 Palmer DT, Horn LJ, Harmon RL. Botulinum toxin treatment of lumbrical
spasticity: a brief report. Am J Phys Med Rehabil 1998;77:348–50.

87 Cosgrove AP, Graham HK. Botulinum toxin A prevents the development of
contractures in the hereditary spastic mouse. Dev Med Child Neurol 1994;
36:379–85.

88 Cosgrove AP, Corry AP, Graham HK. Botulinum toxin in the management
of the lower limb in cerebral palsy. Dev Med Child Neurol 1994;36:386–96.

89 Koman CA, Mooney JF, Smith B, et al. Management of cerebral palsy with
botulinum A toxin: preliminary investigation. J Pediatr Orthop 1993;13:
489–95.

90 Wall SA, Chait LA, Temlett JA, et al. Botulinum A chemodenervation: a new
modality in cerebral palsied hands. Br J Plast Surg 1993;46:703–6.

91 Koman CA, Mooney JF, Smith B, et al. Management of spasticity in cerebral
palsy with botulinum A toxin: report of a preliminary, randomised, double-
blind trial. J Pediatr Orthop 1994;14:299–303.

92 Sutherland DH, Kaufman KR, Wyatt MP, et al. Injection of botulinum A
toxin into the gastrocnemius muscle of patients with cerebral palsy: a
3-dimensional motion analysis study. Gait Posture 1996;4:269–79.

93 Gooch JL, Sandell TV. Botulinum toxin for spasticity and athetosis in chil-
dren with cerebral palsy. Arch Phys Med Rehabil 1996;77:508–11.

94 Wong V. Use of botulinum toxin injection in 17 children with spastic
cerebral palsy. Pediatr Neurol 1998;18:124–31.

95 Arens LJ, Goldschmidt RB, Leary PM. Botulinum toxin A in the hemiple-
gic upper limb: a double blind trial [letter]. Dev Med Child Neurol 1997;39:
491–2.

96 Corry AP, Cosgrove AP, Walsh EG, et al. Botulinum toxin A in the hemiple-
gic upper limb: a double blind trial. Dev Med Child Neurol 1997;39:185–93.

97 Corry AP, Cosgrove AP, DuVy CM, et al. Botulinum toxin A compared with
stretching casts in the treatment of spastic equinus: a randomised prospec-
tive trial. J Pediatr Orthop 1998;18:304–11.

98 Reiter F, Danni M, Lagalla G, et al. Low dose botulinum toxin with taping
for the treatment of spastic equinovarus foot after stroke. Arch Phys Med
Rehabil 1998;79:532–5.

99 Hesse S, Reiter F, Konrad M, et al. Botulinum toxin type A and short term
electrical stimulation in the treatment of upper limb flexor spasticity after
stroke: a randomised, double blind, placebo controlled trial. Clin Rehabil
1998;12:381–8.

100 Jankovic J, Schwartz K. Response and immunoresistance to botulinum
toxin injections. Neurology 1995;45:1743–6.

101 Whitaker J, Butler AG, Semlyen JK, et al. Botulinum toxin for people with
dystonia treated by an outreach nurse practitioner: a comparative study
between a home and a clinic treatment service. Arch Phys Med Rehabil 2000
(in press).

EDITORIAL COMMENTARIES

Acoustic neuroma surgery as an interdisciplinary approach

For such a relatively rare tumour, acoustic neuroma
continues to hold a remarkable fascination for both neuro-
surgeons and neuro-otologists. The Third International
Conference on Acoustic Neuroma in Rome last June con-
tinued for 5 days!

The early controversies in the management of acoustic
neuromas were largely about the surgical approaches
which might be used and about the outcome of facial
nerve function. In this period the improved outcomes
which could be achieved by utilising the combined exper-
tise of otologists and neurosurgeons, were clearly demon-
strated. Likewise, the advantages to be gained by monitor-
ing facial nerve function were also firmly established.
More recently, controversy has shifted to the question of
hearing preservation and, in particular, to the unresolved
problem of what constitutes “useful” hearing. The place of
intraoperative brain stem auditory evoked response
(BAER) audiometry in improving hearing outcomes is still
uncertain, largely because of the known diYculties in

obtaining reliable recordings. However, on empirical
grounds it is likely that if hearing preservation rates are to
improve, BAER audiometry will play a significant part in
this improvement. The paper1 by Tonn et al in this issue
(pp 161–166) once more emphasises the benefits of inter-
disciplinary teamworking. It also indicates that BAER
monitoring may indeed have a part to play in improved
hearing outcomes. However, it also raises other perhaps
more interesting questions. The series is large and the
analysis of the patient material indicates that 78.5% of the
series had “good” hearing preoperatively (grade 1–3 on
the Gardner-Robertson scale). This is a remarkably high
proportion of patients with “good” preoperative hearing.
In the Cambridge series (now 725 patients) the number of
patients who have “good” preoperative hearing are in a
substantial minority. Most of our patients have had either
“dead” ears or very poor hearing. This is a significant dif-
ference and I suspect that it reflects the unsatisfactory
level of delay inherent in current United Kingdom
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