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BOTULINUM TOXIN TYPE A IN THE
TREATMENT OF LOWER-LIMB SPASTICITY
IN CHILDREN WITH CEREBRAL PALSY

Carlos Henrique F. Camargo', Hélio A.G. Teive’, Marise Zonta’, Gilmar C. Silva’, Marcelo R. Oliveird’,
Mauricio M. Roriz', Ivar V. Brandi', Nilson Becker', Rosana Herminia Scola?® Lineu César Werneck®

Abstract — We evaluated the safety and effectiveness of botulinum toxin A (BoNT/A) in the treatment of
spasticity in 20 children with spastic diplegic cerebral palsy (CP). All the patients received injections in the
gastrocnemius and soleus, and 15 received injections in the adductors. The total dose varied from 70 to 140 U
(99.751+16.26 U), or 7.45+2.06 U/kg per patient. The treatment improved the patients’ walking and gait pattern
significantly. There was also a significant alteration in the heel-ground distance and increased motion of the
ankle joint. These structural changes in the feet were sustained until the end of the follow-up, although the
same was not observed for the functional parameters. Three patients complained of weakness in the lower
limbs. In conclusion, BONT/A is safe and effective when used in a single session of injections and produces a
sustained structural modification of the lower limbs. However, functional changes are temporary and are only
observed during the peak effect of the drug.

KEY WORDS: cerebral palsy, botulinum toxin, spasticity.

Toxina botulinica tipo A como tratamento para espasticidade de membros inferiores em criangas com
paralisia cerebral

Resumo - Para avaliagao da seguranga e eficacia do tratamento com toxina botulinica A (TB-A) na espasticidade
na paralisia cerebral (PC), foram selecionadas 20 criancas com a forma diplegia espastica. Todos os pacientes
receberam injegdes nos gastrocnémios e séleos, 15 receberam doses nos adutores da coxa. A dose total
variou de 70 a 140 Us (99,75+16,26 U), 7,45+2,06 U/Kg por paciente. O tratamento com a TB-A melhorou
significativamente a deambulagao e o padrao de marcha. Houve também significativa alteracao da distancia
tornozelo-solo e aumento da amplitude de movimento da articulacdo do tornozelo. Essas mudancas estruturais
dos pés se mantiveram até o final do acompanhamento. O mesmo nao foi observado com parametros
funcionais. Trés pacientes apresentaram fraqueza em membros inferiores. Conclui-se que a TB-A, em uma
Unica aplicacao, é segura e eficaz. Ha modificagao sustentada da estrutura motora dos membros inferiores,
porém mudangas funcionais sao temporarias, durante o pico de acdo do medicamento.

PALAVRAS-CHAVE: paralisia cerebral, espasticidade, toxina botulinica.

Cerebral palsy (CP) can be defined as a movement and
posture disorder that appears at an early age, is second-
ary to a lesion or dysfunction of the central nervous sys-
tem and is not caused by any known progressive or degen-
erative brain disease. The medical history, together with
a neurological exam, allow the cause of the motor defi-
cit to be identified as a brain abnormality and a diagnosis
of CP to be made'. CP is a widespread problem and has a
worldwide incidence of approximately 2 to 2.5 cases per
1,000 live-born infants. The condition is most common
in premature children, who represent approximately 65%

of all cases. The different types of CP have been well es-
tablished and classified according to the degree of motor
impairment in spastic, dyskinetic, ataxic, hypotonic and
mixed CP”. The most common form of CP is spastic diple-
gia, which manifests mainly in the lower limbs and has a
well-established association with prematurity**.
Spasticity in children with CP is a serious problem that
affects daily life activities and places obstacles in the path
to achieving the rehabilitation goals. Stiffness, restrict-
ed movement, the development of contractures and a
serious potential for joint complications are associated
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with muscles affected by spasticity®. Botulinum toxin A
(BoNT/A), a practical neuromuscular blocking agent that
causes a clinical reduction in spasticity in working mus-
cles, appears to have a beneficial effect on the natural his-
tory of CP patients with equinus deformity®.

The objective of the present study was to evaluate the
safety and effectiveness of BONT/A in the treatment of
children with spastic diplegic cerebral palsy.

METHOD

Patient selection

Twenty patients with spastic diplegic CP who had been re-
ferred to the Botulinum Toxin Outpatient Unit in the Neurology
Service, Hospital de Clinicas, Federal University of Parana (HC-
UFPR), between May and November 2000 were selected.

The inclusion criteria were: (1) children from 2 to 16 years of
age; (2) patients with dynamic deformities of the lower limbs
due to static cerebral lesion with poor response to physiother-
apy (dynamic deformities were considered to be those in which
the limb could return to the neutral position with maximal or
submaximal passive manipulation); (3) patients who were able
to walk with or without assistance; and (4) patients taking part
in rehabilitation programs.

The exclusion criteria were: (1) fixed deformity of a joint; (2)
prior orthopedic surgery or the need for surgical treatment; (3)
prior use of botulinum toxin; (4) myasthenia gravis or a disease
of the neuromuscular junction; (5) use of aminoglycoside anti-
biotics; (6) physiotherapy discontinued; and (7) consent not giv-
en by those responsible for the patient.

Assessment and clinical follow-up

All the patients had the diagnosis of spastic diplegic CP con-
firmed by at least two neurologists following clinical examina-
tion and neuroimaging and laboratory tests. Each patient was
then assessed by at least one physiotherapist before being in-
cluded in the study.

The patients were assessed on admission and approximate-
ly 30, 90 and 180 days after treatment had started. This assess-
ment consisted of:

1 - Clinical neurological and physiotherapy assessment.

2 — Measurement of the degree of hip abduction, knee ex-
tension and ankle dorsiflexion. The ankle dorsiflexion angle with
the knee at maximum extension and 90° of flexion was mea-
sured using the goniometer. With the foot placed in the supine
position, the ankle was kept in the neutral position to avoid
calcaneus valgus or varus and dorsiflexed to the limit of move-
ment. The fixed arm of the goniometer was kept parallel to the
long axis of the fibula, and the mobile arm parallel to the long
axis of the calcaneus.

3 — Ashworth Spasticity Scale. Assessment of the tonus of
the triceps surae during passive dorsiflexion of the ankle with
the knee and thigh flexed’.

4 — Physician Rating Scale (PRS). This scale allows six func-
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tional elements of gait to be assessed while the patient is walk-
ing barefoot for a distance of at least 15 steps. This scale grades
the following functional elements: (1) gait pattern (0-2); (2) posi-
tion of the ankle while walking (0-2); (3) elevation and curvature
of the foot while walking (0-3); (4) position of the knee while
walking (0-3); (5) degree of flexion and shortening of the low-
er limbs (0-3); and (6) gait speed (0—1). The total PRS score was
the sum of the six components for each patient (014, O=worst
score and 14=best score)®.

5 — Ambulation speed. A measurement of the time needed
to cover a distance of 25 steps with or without assistance.

6 — Heel-ground distance. Measured with the patient in the
orthostatic position with the knee at maximum extension.

7 — Spasticity scale for thigh adductors: 0—normal muscle
tonus; (1) increased tonus, thighs easily abducted up to 45° by
only one examiner; (2) thighs abducted up to 459 by only one ex-
aminer with minor effort; (3) thighs abducted up to 45 by only
one examiner with moderate effort; (4) two examiners needed
to abduct thighs up to 45°.

8 — Analysis of gait using video recordings.

All participants were required to continue physiotherapy
throughout the study in the same institutions they had been
having treatment in prior to the application of botulinum toxin.
The staff at these centers were advised by the physiotherapists
from the HC-UFPR to continue a program of at least three 1-hour
sessions a week containing, as a minimum: (1) muscle stretching,
especially for the Achilles tendon; (2) exercises to assist ankle
dorsiflexion; (3) gait training going up and down steps; (4) train-
ing of those responsible for the child to ensure that certain ex-
ercises were repeated as part of the child’s daily routine.

Treatment

The clinical treatment patients had been receiving prior to
inclusion in the study was continued, and none of the patients
were submitted to surgery during the study. All the patients re-
ceived BoNT/A therapy (Botox® Allergan, Irvine, CA, USA).

The lyophilized preparation of the toxin (1 flask=100 U=5 ng)
was stored at —20°C and reconstituted with T mL of 0.9% saline
solution at the time of injection . The 10 U per 0.1 mL solution
was administered in a Tcc (1 mL) tuberculin syringe.

The number of points where the toxin was injected and the
dose were adjusted for each muscle (Table 1). The maximum dos-
es used for BONT/A injections were: (a) 12 U/kg or 400 U per
session; (b) 3—6 U/kg per large muscle; (c) 1-2 U/kg per small
muscle; and (d) 50 U per injection point.

The choice of muscle, site and amount of BONT/A for each
muscle were determined based on clinical evaluation with the
aid of electromyography (Table 1). BONT/A was applied using a
Nihon-Kohden Neuropack Il electromyograph. Monopolar, tef-
lon-coated needle electrodes were used (37 mm X 27 G), and the
tuberculin syringe was coupled to a needle electrode. The appli-
ance was calibrated with filters from 10 Hz to 5 kHz. A sensitivity

of 100 microvolts (1LV)/division was used and the analysis time
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Table 1. Pediatric doses of botulinum toxin A (Botox®Allergan) for lower-limb spasticity.

Muscle Dose (U/kg) Number of injection sites
Hip flexion Iliopsoas 1-2 2
rectus femoris 3-4 2
Knee flexion middle biceps femoris 3-6 3-4
lateral biceps femoris 2-3 1-2
gastrocnemius 3-6 2-4
Thighs adducted adductor longus and brevis 3-6 1-2
Knee extended quadriceps 3-6 4
Equinovarus medial and lateral gastrocnemius 3-6 1-2
soleus 2-3 1-2
tibialis posterior 1-2 1
tibialis anterior 1-3 1
flexor digitorum brevis and flexor digitorum longus 1-2 1
flexor hallucis longus 1-2 1
Hallux extended extensor hallucis longus 1-2 1
was 10 milliseconds/cm. After the muscle where the BoNT/A
was to be injected had been chosen, the needle electrode was g
Kk

inserted at the site nearest to the motor point, and when the
presence of motor unit action potentials (MUAPs) suggested that
the needle was inserted in the muscle, the BONT/A was injected.

Adverse effects, latency to start, peak and duration of ac-
tion of the BoNT/A and interference in daily life were measured
with a questionnaire.

Statistical analysis

The distribution pattern for all the data was tested (normal
or non-normal). The statistical differences between the means of
the groups were determined using two-tailed and single-tailed
paired Student t tests where indicated and the Wilcoxon test.
The results are given as mean + SD (standard deviation). All the
statistical analysis was performed with version 99 of the Statis-
tica for Windows program. Differences were considered signif-
icant if p<0.05.

RESULTS

All 20 children selected [13 males and 7 females aged
between 2 and 11 years (4.731£2.18 years) and weighing be-
tween 8 and 34 kg (12.72£5.87 kg)] received BoONT/A injec-
tions at the beginning of the study. All had equinus in both
feet and were given BoNT/A injections in the gastrocne-
mius and soleus muscles. There was no statistically signif-
icant difference between the severity of the deficit in the
lower right limbs and that in the lower left limbs (p=0.827).
Fifteen patients had difficulty abducting their thighs and
therefore had BoNT/A injected in the thigh adductors.

The BoNT/A dose varied from 70 to 140 Us (99.75£16.26
U) and was 7.45+2.06 U/kg per patient. The parents or
those responsible for the children reported that the med-
ication started having an effect between the second and
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Fig 1. Response to treatment with botulinum toxin A on the Physi-
cian Rating Scale. **p<0.001 in relation to day 0; *p<0.05 in rela-
tion to day 30.

twentieth day after application (7.114.57 days). All the pa-
tients attended for follow-up assessment at 30 days post-
application, 85% attended for assessment at 90 days and
75% at 180 days.

Treatment with BONT/A improved ambulation and
equinus gait pattern significantly in children with spastic
diplegia when these parameters were assessed using the
PRS (p<0.001). The treatment continued to have beneficial
effects at the follow-up assessment 90 days post-treat-
ment (p<0.001). At the follow-up assessment 180 days
post-treatment, however, parameters similar to those pri-
or to treatment were observed (Fig 1). Only two children
(10%), who had severe functional impairment at the be-
ginning of the study, failed to show any improvement on
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Fig 2. Response to treatment with botulinum toxin A measured by
gait speed (sec/25 steps). *p<0.05 in relation to day O.
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Fig 3. Response of spastic thigh adductor muscles to treatment with
botulinum toxin A. *p<0.05 in relation to day O; + p<0.05 in rela-
tion to day 30.

Table 2. Parameters to assess the effect of botulinum toxin A (Botox®Allergan) on the gastrocnemius and soleus muscles.

Day O Day 30 p in relation Day 180 pinrelation pin relation

to Day O to Day O to Day 30
R heel-ground distance (cm) 192 (1.54) 117 (1.47) p=0.041 1.28 (0.84) p=0.034 p=0.43
L heel-ground distance (cm) 2.22(172) 135 (1.75) p=0.042 113 (0.99) p=0.011 p=0.183
R ankle dorsiflexion angle —24(21.31) -3.5(38.56) p=0.005 8.33 (31.03) p=0.001 p=0.494
with the knee flexed (?)
L ankle dorsiflexion angle —22.5(21.85) 1(37.50) p=0.001 12 (31.89) p=0.0009 p=0.926
with the knee flexed (?)
R ankle dorsiflexion angle with -16 (17.06) 0.75 (26.62) p=0.001 8 (21.36) p=0.004 p=0.901
the knee extended (°)
L ankle dorsiflexion angle with -145(1512)  -1.5(26.26) p=0.007 5.33(23.02) p=0.013 p=0.884
the knee extended (°)
Ashworth Spasticity Scale 3(0.45) 2.6 (0.1) p=0.003 2.55(0.21) p=0.029 p=0.407

Values shown as averages and standard deviations. R, right, L, left, cm, centimeter; *Botox®Allergan.

the PRS scale at the +30 day follow-up assessment and did
not attend for reassessment at +180 days.

Gait speed also changed significantly as a result of the
use of BONT/A (p<0.05). Nevertheless, this improvement
was not sustained, as can be seen in the +90 and +180
day follow-up assessments (Fig 2). Three patients (15%)
were able to ambulate without any support in all the fol-
low-up assessments. One patient who required support
when walking at the first, second and third follow-up as-
sessments, managed to ambulate without support at the
+180 day follow-up assessment. The remaining 16 patients
(80%) were unable to ambulate without assistance at any
of the assessments.

Assessment of triceps surae spasticity with the Ash-
worth scale showed that there was a significant response
to BoNT/A (p<0.05), which was still in evidence at day

90 (p<0.05), but that the muscles had returned to their
baseline values at day 180. The response of these muscles
was also tested by measuring ankle dorsiflexion. When
this method of assessment was used, both with the knee
flexed or at maximum extension, there was a significant
response to BoNT/A in both limbs, and this was sustained
until the end of the study. The heel-ground distance,
which is increased in equinus because of the spasticity of
the triceps surae, also changed significantly following the
application of BONT/A, and the results were sustained un-
til day 180 (Table 2).

The thigh adductor muscle group also responded signif-
icantly to the therapy, and the longer the time elapsed since
the BONT/A injection, the greater was the response (Fig 3).

Three patients were found to have weakness in the low-
er limbs after BONT/A had been applied, and one report-
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ed having falls. These symptoms were mild and resolved
in a few weeks without the need for medical intervention.

DISCUSSION

In this study we have shown that the use of intramus-
cular BONT/A injections to treat children with CP (spastic
diplegia) who have spastic thigh adductor muscles and
equinus is both safe and effective.

Treatment with BONT/A was very effective in correct-
ing the position of the feet, as shown by the reduction in
the heel-ground distance and by the increased range of
motion of the ankle joint, confirming the findings of pre-
vious studies'®™. The increased dorsiflexion of the foot
caused by the greater range of motion of the ankle joint
was similar both with the knee extended and with the
knee flexed. This occurred because of the role of all the
muscles in the triceps surae complex — gastrocnemius and
soleus — in producing equinus in our patients’. There was
thus an effective response to BoNT/A in all these target
muscles. The improved positioning of the feet was also
confirmed by the reduction in spasticity in the triceps su-
rae muscles measured on the Ashworth scale. Physiologi-
cal explanations for this adjustment in the feet include not
only weakening of the gastrocnemii and soleus but also
the increase in length of the gastrocnemii muscle-tendon
unit, the shortening of the antagonist muscles or a combi-
nation of these events. Any of these effects could be the
direct result of chemical denervation caused by BONT/A,
and it is unlikely that they would occur spontaneously".

A clear improvement in the spasticity of the thigh ad-
ductor muscles was also observed after treatment with
BoNT/A, corroborating the findings of other studies®. The
positive effect on the thigh adductor muscles was pro-
gressive and was sustained throughout the follow-up pe-
riod. We observed that the beneficial effects of BONT/A in
terms of spasticity of the triceps surae were still present
six months after the application of the toxin. The effects
of a single dose of BONT/A lasted on average three to six
months in other studies of children with CP. Although the
duration and effect of BONT/A reported in the literature
varies, it is generally considered to be effective for at least
three months".

All our patients took part in rehabilitation programs
before and after the application of BONT/A, preferably
based on a neurophysiological method, using splints when
necessary. The use of electrical stimulation and immobi-
lization was not recommended'’. We believe that the
prolonged positive effect of BONT/A — until the end of
the study in some cases — is also related to the results of
physiotherapy™"”. Thus, BONT/A should not be considered
a substitute for physiotherapy or orthoses, but rather an
additional therapeutic strategy'®". Better biomechanical
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alignment through muscular relaxation, such as improved
range of motion of the ankle, allows the patient to adapt
better to orthoses™". Furthermore, the muscular relax-
ation achieved following application of BONT/A allows
muscle-stretching exercises to be performed more easily
and the child to learn to use and strengthen opposing
muscles. For most children BoNT/A does not lead to a sus-
tained increase in the length of the gastrocnemii but helps
delay shortening of the muscles. Specific physiotherapeu-
tic treatment and orthoses can help the small percentage
of children in whom there is evidence of prolonged mus-
cle stretching®. These are clear arguments for intensifying
physiotherapy after the application of BONT/A to achieve
better results in the long term®'°"2,

The impact of BONT/A in children is different from
that in adults. Unlike adults, whose organisms are relative-
ly static, children have two processes that are exclusive
to childhood — growth and development — superimposed
on the underlying spastic condition. Although the effects
of BONT/A are seen primarily in a reduction of hyperto-
nia, the change in tonus can improve the child’s balance,
strength, motor control and fixed contractures®. As the
child develops, the spastic muscles fail to grow as quickly
as the neighboring structures, and dynamic structures are
transformed into fixed contractures. Relaxation of spastic
muscles allows these to stretch, encourages their growth
and prevents contractures. These improvements lead to
functional gain™.

It has been stressed recently that assessment of func-
tional improvement is more important than assessment of
the reduction in muscle tonus or the increase in the range
of motion of the joint'®®, The physiological and mechani-
cal effects of BONT/A treatment are genuine and measur-
able in patients with spastic diplegia. However, these ef-
fects may not trigger a major change in function or change
in the patient’s or his/her parents’ perception of function
and thus not be recorded as a significant improvement in
the patient’s family and social life.

Hesse et al.”” reported a noticeable improvement in
equinus followed by a more erect gait posture after in-
jection of BONT/A in the gastrocnemius and ischiotibial
muscles. However, there was no functional improvement
according to the assessment tools used. Reddihough et
al.” observed discrete gait improvements after three
months of follow-up, but failed to observe functional
improvements after 3 or 6 months. Fazzi et al.”, on the
other hand, observed a reduction in spasticity in muscles
that had been treated and an increase in passive joint mo-
bility. There was increase in the scores on scales and tests
intended to assess function. These increases are reflected
in the gait pattern (PRS), selective motor control in foot
dorsiflexion, and the acquisition of new motor abilities.
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We observed an improvement on the PRS scale after
treatment; nevertheless, the beneficial effect was not sus-
tained until the end of the study. The scale subitems gait
pattern and ankle position, which are the two elements
that are most closely related to spasticity of the gastroc-
nemii and soleus, improved significantly with BONT/A.
Gait speed, the item with the greatest functional value
on the scale, also improved significantly, but this improve-
ment was not sustained until the sixth month of follow-
up. We also found that only one patient was able to am-
bulate without support, while the other 16 still needed
support during the gait tests. These data, which show
that functional gains were not sustained, support other
authors’ concern to lay greater emphasis on instruments
to measure function when analyzing the applicability of
BoNT/A822,

However, the objective of this study was to assess the
efficacy of BONT/A applied in a single session. Serial injec-
tions of BONT/A may lead to a greater reduction in focal
spasticity and allow children with CP to learn movement
patterns that more closely resemble normal ones and to
improve their balance and gait speed as well as increase
step size when ambulating". Hawamdeh et al.® showed that
there was an overall improvement for 18 months after three
applications of BONT/A in children with spastic diplegia.
The improvement was greater than that observed when
physiotherapy and orthoses were used in isolation and was
sustained until the last follow-up session at 18 months.
This suggests that BONT/A may influence physiothera-
py, prolonging and amplifying its effects and increasing
the functional capacity of children with spastic diplegia.

In addition to increased functional capacity, another
important benefit of long-term treatment with BoNT/A
is that surgical interventions can be postponed®. Without
treatment, muscles that have been spastic for a long time
can develop fixed contractures that often require surgical
procedures. Equinus recurs after corrective procedures are
performed in early childhood. Reduced spasticity follow-
ing BONT/A applications can delay the need for surgery,

thus reducing the possibility of deformities recurring™”.

With regard to the effectiveness of BONT/A, quantita-
tive variables have been found to be predictive factors for
a favorable treatment outcome. In terms of age, children
under 48 months can show better results”. We assessed
children from 2 to 11 years of age (4.7312.18 years), and our
initial results were significant. With younger children we
might have been able to maintain the functional gains be-
cause the motor pattern of very young children provides
greater scope for better development and recovery (a
younger child has greater potential than an older child for
increasing the plasticity of the central nervous system)®.
Papadonikolakis et al.**, however, support the view that
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carefully selected patients can show an improvement fol-
lowing treatment with BONT/A despite being older (aver-
age age 11 years). These authors used selection criteria that
were similar to those we used, i.e., only patients who were
undergoing physiotherapy, did not have fixed contractures
and were able to ambulate were included in the study.

Fattal-Valevski et al.” found that greater spasticity,
an inability to ambulate and lower motor function levels
are predictive factors for a good response to BoNT/A.
In contrast with these authors’ findings, in our study we
observed that patients with a high degree of motor limi-
tation were precisely those who had the worst response
to BoNT/A treatment. Kay et al.” followed up 23 children
over the age of four years with more severe CP (including
patients with quadriplegia) who had dystonic movements
and fixed contractures in the ankle. The authors did not
observe any differences between lower-limb spasticity in
the group that received BoNT/A and that in the group that
had been treated with physical therapy alone. Two possi-
ble explanations for Fattal-Valevski et al.” findings are that
BoNT/A was injected in a larger number of motor points
in patients with more severe CP or that small changes in
function, tonus and the range of motion of joints can be
detected more easily in these children.

Another interesting point, which we did not address
in our study, is the influence of cognitive level and visual
function. The role of cognitive and sensory development
in the acquisition of motor abilities is well understood.
Fazzi et al.” showed that the best results in terms of gait
improvement were produced by children with normal
or borderline cognitive levels. Similarly, a significant im-
provement in gait was observed in patients with normal
or borderline visual acuity.

As the predictive factors are well understood, BONT/A
treatment should be tailored to suit each patient. In addi-
tion, the effect and duration of treatment depends on the
ability to deliver toxin to the target muscle(s); preinjec-
tion muscle physiology, including power, endurance and
spasticity; connective tissue extensibility; and the range
of motion of the joint".

A critical assessment of the predictive factors for a
good therapeutic result, the physiopathology of spastic-
ity, the mechanism of action of BONT/A and an under-
standing that a child’s organism is undergoing constant
change are directly related to the key elements for ef-
fective therapy using BONT/A, namely, suitably chosen
patients; clearly defined treatment objectives as a result
of discussion with the patient and his/her family; and an
effective long-term strategy for managing the changes
that take place in a child with CP who is in a growth and
development phase”*.
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Family members must have realistic expectations
about the BONT/A treatment before the procedure starts.
Bjornson et al.”? showed that the family members’ expec-
tations for the therapy were far removed from the actual
effects of the treatment and that they had difficulty ap-
preciating the benefits of the treatment.

On the other hand, patients and family members un-
derstand and rarely complain about the adverse effects of
the treatment. BONT/A is generally well tolerated and safe
when used to treat spastic CP and rarely produces severe
side effects. In agreement with the literature, no impor-
tant side effects were observed in our patients. However,
we did observe weakness in the lower limbs and falls —
probably related to a reduction in muscle tonus after the
treatment — in individuals used to ambulating with spastic
musclesﬂ,15,17,24'

Although we did not use sedatives or local anesthet-
ics, there were no complaints of pain at the injection site
or local adverse effects because of traumatism as a result
of sudden movements by the children. Koman et al.®also
failed to find adverse effects and reported that all their
patients agreed to second injection sessions. Topical an-
esthetics are not effective in reducing pain produced by
the injections because they do not affect the muscle un-
derneath the skin at the injection site®. The argument for
using general anesthesia when injecting BONT/A is that
it helps avoid emotional stress and anxiety in the child,
especially when the procedure needs to be repeated in
the future”. The use of sedatives such as oral midazolam,
which causes amnesia, can be a safer, less expensive alter-
native to general anesthesia when the aim is to sedate the

patient before the procedure™?.

In the group of patients with spastic diplegia in the
present study, a single session of injections of BONT/A
was safe and effective. There was an important, sustained
change in the motor structure in the lower limbs of the
children tested; however, functional changes were only
observed when the effect of the medication was at its
peak. These findings indicate that serial injections of the
medication are required if all the positive effects obtained
are to be maintained.
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