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Research Article

Managing Spasticity in Pediatric
Cerebral Palsy Using a Very Low
Dose of Botulinum Toxin Type A
Preliminary Report

ABSTRACT

Suputtitada A: Managing spasticity in pediatric cerebral palsy using a
very low dose of botulinum toxin type A: preliminary report. Am J Phys
Med Rehabil 2000;79:320-326.

Objective:  To determine if very low doses of botulinum toxin type A
(BTX-A) could reduce spasticity and improve gait in cerebral palsied
children when combined with rehabilitation therapy.

Design:  Ten trainable (IQ > 80), ambulatory, spastic diplegic or
hemiplegic cerebral palsied children, with no fixed contractures in at
least one limb, were selected for the study. Patients with a score of 3on
a modified Ashworth scale received 0.5 units of BTX-A/kg/muscle.
Patients with an Ashworth score of 4 received 1.0 BTX-A/kg/muscle.
After BTX-A injection, all patients received rehabilitation therapy and
plastic ankle and foot orthoses for walking.

Results:  Both groups exhibited improvement in Ashworth score and
in gait within 72 hr of injection with botulinum toxin. Beneficial effects
persisted for 10 to 12 mo in most patients, with three patients exhibiting
benefits for at least 20 mo.

Conclusions:  The results of the present study indicate that a very
low dose of botulinum toxin type A combined with rehabilitation therapy
resulted in a long-lasting decrease in spasticity and an improvement in
gait in children with cerebral palsy.

Key Words:  Botulinum Toxin Type A, Pediatric Cerebral Palsy, Re-
habilitation Therapy, Spasticity, Gait
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Spasticity is defined as an in-
creased resistance to passive move-
ment, secondary to hyperreflexia, af-
ter an upper motor neuron lesion. In
children with cerebral palsy, it can
interfere with mobility, self-care, po-
sitioning, and longitudinal muscle
growth, and can contribute to the
development of fixed myostatic con-
tractures. Current treatments in-
clude systemic medications, electri-
cal stimulation, heating modalities
with passive rande of motion exer-
cises, orthotics, phenol nerve block-
ade, tendon-lengthening procedures,
rhizotomies, and neurectomies. None
of the more conservative of these
treatments is particularly successful
at increasing range of motion or de-
creasing spasticity, and the more ag-
gressive treatments are associated
with considerable risk in a pediatric
patient population. However, several
studies have suggdested that intra-
muscular injections of botulinum
toxin type A can be both safe and
effective in relieving spasticity in pe-
diatric cerebral palsy patients.1-9

In the treatment of cerebral
palsy, studies have demonstrated that
botulinum toxin type A can (1) di-
minish painful paravertebral spastic-
ity,! (2) facilitate positioning and hy-
giene,! (3) improve ambulation,!-7
(4) improve upper limb function,?
and (5) be a useful diagnostic aid in

determining the efficacy of surgery.!
It is also possible that botulinum
toxin tvpe A treatment may be an
effective alternative to serial casting,s
may facilitate or replace bracing, or
may augment the effects of physical
therapy and potentially delay or obvi-
ate the need for surdery. Of particular
relevance to ambulatory pediatric ce-
rebral palsy patients is that botuli-
num toxin type A seems to improve
dynamic foot deformity. 478 More-
over, botulinum toxin type A injec-
tions can be easily administered in
the physician’s office, without the
need for anesthesia,’~4 and it is not
associated with any of the risks inher-
ent in surgical interventions or sys-
temic medications.

In previous studies of botulinum
toxin type A as a treatment for cere-
bral palsy, the minimum dose that
appeared to be required for focal
muscle weakness was 1 to 2 units of
toxin per kilogram of body weight per
major group injected.!-®
However, for the sake of safety as well
as cost considerations, it is always
desirable to use the minimum effec-
tive dose of any therapeutic agdent.
Therefore, in the present study, I in-
vestigated the ability of very low
doses of botulinum toxin type A (0.5-
1.0 Unit/kg of body weight/muscle)
combined with rehabilitation therapy
to effectively reduce spasticity and

muscle

half) of the range of motion

More marked increase in muscle tone through most of the range
of motion, but the affected part is easily moved

TABLE 1

Modified Ashworth scale

Description Score
No increase in muscle tone 0
Slight increase in muscle tone, manifested by a catch and release 1

or by minimal resistance at the end range of motion when the
affected part is moved in flexion or extension

Slight increase in muscle tone, manifested by a catch, followed 1+
by minimal resistance throughout the remainder (less than

oo

Considerable increase in muscle tone, passive movement is 3
difficult
Affected part is rigid in flexion or extension 4
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improve gait in children with cere-
bral palsy.

MATERIALS AND METHODS
Study subjects

Ten ambulatory, spastic diplegic
or hemiplegic cerebral palsy patients
(16 treated legs total) with scissoring,
crouch, equinovarus, or equinus gait
were selected. A total of 16 leds were
treated. All patients had received at
least 6 mo of rehabilitation therapy
before the start of the study.

Patients of either sex were in-
cluded in the study if they were be-
tween 2 and 5 yr of age, were medi-
cally stable (e.g., no uncontrolled
systemic disease), were ambulatory
with or without assistive devices, had
an IQ of 80 or greater (were train-
able), and had a hip adductor, knee
flexor, or ankle plantar flexor tone of
dgrade 2 or higher on the Ashworth
scale (Table 1).

Patients were excluded from the
study if they had fixed contracture of
the limb to be studied, previous phe-
nol block or surgery for spasticity in
the limb to be studied, profound at-
rophy of the muscles to be injected,
previous botulinum toxin therapy,
instability of the knee such that treat-
ment of the gastrocnemius muscle
with botulinum toxin type A could
further destabilize the knee, known
sensitivity to any components of the
study medication, active infection at
the injection sites or systemic infec-
tion, or were currently being treated
with aminoglycoside antibiotics or
other agents that may interfere with
neuromuscular transmission.

Study Medication

Botulinum toxin type A (BOTOX,
100 Unit vial; Allergan, Inc., Irvine, CA)
was reconstituted for injection with 50
Unit/ml of 0.9% sterile unpreserved sa-
line.

Study design

In this open-label, uncontrolled
study, patients were assigned to one
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of two treatment groups on the basis
of their score on a modified Ashworth
scale (Table 1). Patients with an Ash-
worth score of 3 (group 1) received
0.5 Unit/kg of body weight/injected
muscle, and patients with an Ash-
worth score of 4 (group 2) received
1.0 Unit/kg of body weight/injected
muscle.

All patients received bilateral in-
tramuscular injections at one site in
the medial head and one site in the
lateral head of the gastrocnemius
muscles of the leg or legs to be
treated. Patients who presented with
varus position and spasticity of the
tibialis posterior muscles were also
given injections into the tibialis pos-
terior muscles of each leg. Patients
with scissoring gait and spasticity of
the hip adductor were given injec-
tions in the hip adductor muscles
(adductor magnus) of each leg. If the
patients presented with crouch gait
and spasticity of knee flexors, the
knee flexor muscles (semimembrano-
sus) of each leg were also injected.

A 27-gauge Teflon-coated combi-
nation electromyographic electrode/
injection needle (BOTOX Injection
Needle; Allergan) was used to both
locate the optimum injection site
within each muscle and inject the
toxin. The choice of injection site was
also guided by anatomic knowledge
of the location of the motor end plate
for each muscle (for which standard
guidelines have been established).!?

After botulinum toxin type A in-
jection, all patients received rehabil-
itation therapy and plastic ankle and
foot orthoses for walking. Heating mo-
dalities, stretching exercises, and ther-
apeutic facilitation exercises were pre-
scribed for all patients everyday.

Outcome measures

The effects of treatment were as-
sessed by (1) an observational gait
assessment by using video recording
and a physician's rating scale (PRS;
Table 2), (2) passive and active mus-
cle tone and degree of spasticity as
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TABLE 2

Physician rating scale for
gait analysis (determined
for each limb injected)

Dynamic Function

(Range of Motion) Score
1) Crouch
Severe (>20° hip, knee, 0
ankle)
Moderate (5-20° hip, knee, 1
ankle)
Mild (<5° hip, knee, ankle) 2
None 3

2) Equinus foot
Constant (fixed contracture) 0

Constant (dynamic 1
contracture)
Occasional heel contact 2
Heel-to-toe gait 3
3) Hind foot
Varus at foot strike 0
Valgus at foot strike 1
Occasionally neutral at foot 2
strike
Neutral at foot strike 3
4) Knee
Recurvatum >5° 0
Recurvatum 0-5° 1
Neutral (no recurvatum) 2
5) Speed of gait
Only slow
Variable (slow-fast)
6) Gait
Toe-to-toe 0
Occasional heel-to-toe 1
Heel-to-toe 2

measured on the modified Ashworth
scale, and (3) the parental or care-
giver evaluation of overall response.
The PRS was used to assess the pres-
ence of crouch and equinus foot, hind
foot position, knee curvature, and
speed of gait and gait dynamics. Passive
range of motion in hip abduction, knee
extension, and ankle dorsiflexion were
measured with a plastic manual goni-
ometer. All patients were examined
while in the supine position by using
standard anatomic landmarks.

All patients were evaluated at

baseline,  postinjection days 1
through 7, and weeks 2, 5, and 8.
Patients were then evaluated every 2
mo until spasticity returned to the

levels observed before botulinum
toxin type A injection.

The author participated in all
measurements. For most patients, a
third-year resident in the clinic also
took Ashworth and PRS measure-
ments, and the results determined by
the two observers were the same.
However, no formal interobserver re-
liability testing was performed.

RESULTS

Patient population

The mean age (=SD) of the sub-
jects at the time of study entry was
34.8 = 9.0 mo, with a minimum age
of 26 mo and a maximum age of 53
mo. Four patients exhibited spastic
hemiplegia (40%) and six patients ex-
hibited spastic diplegia (60%). The
mean [Q score was 89 = 4.83, with a
minimum of 82 and a maximum of
97. All patients were fitted with plas-
tic ankle foot orthoses. The type most
commonly used covered both the me-
dial and lateral malleolus and con-
trolled both plantarflexion and me-
diolateral deviations.

Efficacy findings

Botulinum toxin type A com-
bined with rehabilitation therapy ef-
fectively reduced spasticity in both
study groups (Tables 3 and 4). The
effects of the injections were not ev-
ident immediately in all patients, but
the parents or guardians noted signif-
icantly decreased spasticity during
range-of-motion exercises in the first
24 to 72 hr after injection. Improve-
ments in both Ashworth scores and
PRS were apparent in both groups by
2 and 4 wk after injection, respec-
tively. Table 5 shows the mean mod-
ified Ashworth score. for all patients
combined, for the different muscles
at baseline, and at 2 wk after injec-
tion. In gdeneral, the peak improve-
ment in Ashworth score occurred at 2
wk, and then remained constant at
the time intervals measured (each 2
mo) until returning to baseline. At

Am. J. Phys. Med. Rehabil. « Vol. 79, No. 4



TABLE 3
Treatment and outcome summary for group 1 (0.5 Ulkg/muscle)
Modified
Ashworth
Scale PRS Dt i
Age BW Dose  Base- Base- of Effect
Patient Sex (mo) (kg) Type of CP IQ Muscles Injected  (Unit) line 2 Wk line 4 Wk (mo)
1 M 26 12 Spastic diplegia 97 R. gastrocnemius 3 1 9 13 20
Medial head 6
Lateral head 6
L. gastrocnemius 3 1
Medial head 6
Lateral head 6
Total 24
2 M 28 14 Spastic diplegia 85 R. dastrocnemius 3 1 8 13 12
Medial head 7
Lateral head 7
L. gastrocnemius 3 1
Medial head 7
Lateral head 7
R. hip adductor 7 3 1
L. hip adductor 7 3 1
Total 42
3 M 38 18 Spastic hemiplegia 95 R. gastrocnemius 3 1.5 7 14 12
Medial head 9
Lateral head 9
Total 18
4 M 27 13 Spastic diplegia 82 R. dastrocnemius 3 1 7 13 20
Medial head 6.5
Lateral head 6.5
L. gastrocnemius 3 1
Medial head 6.5
Lateral head 6.5
Total 26
9 M 53 20 Spastic diplegia 90 R. gastrocnemius 3 2 7 13 10
Medial head 10
Lateral head 10
L. gastrocnemius 3 2
Medial head 10
Lateral head 10
R. hip adductor 10 3 15
L. hip adductor 10 3 1.5
Total 60
BW, body weight; CP, cerebral palsy; PRS, physician's rating scale.

baseline, the mean PRS score was
7.4 = 2.83 (range, 5-9). Four weeks
after treatment with botulinum toxin
type A, the mean PRS score was
13.2 £ 0.92 (range, 11-14). In gen-
eral, the peak improvement in PRS
score occurred at 4 wk after injection.
As was seen for the Ashworth score,
the PRS score then remained con-
stant at the time intervals measured
until it returned to baseline.

July/August 2000

There were also considerable im-
provements in gait after treatment.
After botulinum toxin injections into
the calf muscles, there was a gradual
reduction in dynamic equinus. Dur-
ing the swing phase, there was an
increase in ankle dorsiflexor activity;
this active movement mediated by
the ankle dorsiflexors improved
ground clearance and placed the foot
in a better position for heel strike in

Botulinum Toxin Use in Cerebral Palsy

anticipation of ground contact. The
duration of the beneficial effects of
botulinum treatment (defined as
time to return to baseline Ashworth
score) was 10 to 12 mo in most pa-
tients, with three patients exhibiting
benefits for at least 20 mo.

Safety findings

The only adverse events observed
in this study were discomfort during
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TABLE 4
Treatment and outcome summary for group 2 (1.0 Ulkg/muscle)
Modified
Ashworth
Scale PRS bt
Age BW Dose  Base- Base- of Effect
Patient Sex (mo) (kg) Type of CP IQ  Muscles Injected (Unit) line 2 Wk line 4 Wk (mo)
6 F 26 15  Spastic hemiplegia 89 R. gastrocnemius 4 1 5 14 12
Medial head 15
Lateral head 15
L. tibialis posterior 15
Total 45
7 F 40 20 Spastic diplegia 92 R. gastrocnemius 4 1.5 5 11 11
Medial head 20
Lateral head 20
L. gastrocnemius 4 1:5
Medial head 20
Lateral head 20
R. hamstrings 20 4 2
L. hamstrings 20 4 2
R. hip adductors 20 4 2
L. hip adductors 20 4 2
Total 160
8 F 25 12 Spastic diplegia 90 R. gastrocnemius 4 1.5 9 13 20
Medial head 12
Lateral head 12
L. gastrocnemius 4 1
Medial head 12
Lateral head 12
Total 48
9 F 39 20 Spastic hemiplegia 84 R. gastrocnemius 4 135 5 14 12
Medial head 20
Lateral head 20
R. tibialis posterior 20
Total 60
10 M 34 16 Spastic hemiplegia 86 R. gastrocnemius 4 1 5 14 12
Medial head 16
Lateral head 16
R. tibialis posterior 16
Total 48
BW, body weight: CP, cerebral palsy; PRS, physician’s rating scale.

injection and crying during injection.
No other adverse events were recorded.

DISCUSSION

The results of the present study
indicate that very low doses of botu-
linum toxin type A, which in previous
studies had no therapeutic effect, re-
duced spasticity in cerebral palsy pa-
tients when combined with rehabili-
tation therapy. It is unlikely that the
effects seen are the result of the re-
habilitation therapy alone, because
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there were no significant improve-
ments in Ashworth or PRS scores in
any of these children during the 6 mo
of rehabilitation therapy before injec-
tion. Although two different doses
were used in this study (0.5 and 1.0
Unit/kg), the small number of pa-
tients enrolled and the open-label de-
sign prohibit any conclusions about
the relative merits of the two doses.

After botulinum toxin injections
into the calf muscles, there was a grad-
ual reduction in dynamic equinus dur-

ing the first 72 hr. During swing, there
was an increase in ankle dorsiflexion;
this active movement mediated by the
ankle dorsiflexors allows ground clear-
ance and places the foot ready for heel
strike in anticipation of ground con-
tact. Two possible explanations for this
improvement are that weakening of
the spastic plantar flexors increased the
ability of the dorsiflexors to overcome
the equinus or that with the ankle in a
lesser degree of equinus at the start of
the swing phase, the dorsiflexors are

Am. J. Phys. Med. Rehabil. « Vol. 79, No. 4



TABLE 5

Muscle tone as measured by the modified Ashworth scale
(mean scores for all patients in both treatment groups)

Baseline (mean = SD)

2 Wk (mean = SD)

Rt. lower extremities

Ankle dorsiflexion 2.8 155 1.05 = 0.64

Knee extension 1.1 = 1.10 0.90 = 0.57

Hip abduction 1.5+ 1.35 0.96 = 0.54
Lt. lower extremities

Ankle dorsiflexion 2.7 =149 1.00 = 0.62

Knee extension 9 =120 0.70 = 0.67

Hip abduction 1.3 15 0.75 = 0.72

placed with greater mechanical advan-
tage with a longer lever arm.

In an earlier randomized, multi-
center clinical study, the short-term
use of botulinum toxin type A was as-
sociated with a 70% response rate, in-
cluding clinical improvements in gdait
and ankle range of motion.2 This pre-
vious study also demonstrated that the
functional improvement observed was
directly related to a partial functional de-
nervation and resultant weakening of the
treated muscles.? Gait analysis before and
after botulinum toxin type A injections
demonstrated statistically significant im-
provement compared to vehicle.

In the present study, patients
whose knees were excessively flexed
throughout the gait cycle at baseline
exhibited more complete extension of
the knee during gait after botulinum
toxin injection of the hamstring mus-
cles. This increased the patients’
stride length and allowed the heel to
be more readily presented at foot
contact. Cosgrove et al.* suggested
that hamstring injection in any pa-
tient who extended the knee to
within 15 degrees of neutral in dait,
even if there was a reduced popliteal
angle, requires careful consideration,
because there is a risk of recurvatum
with botulinum toxin injections. This
risk increases in the presence of calf
contractures. However, in the present
study, there were no occurrences of
recurvatum in any patients.

One possible reason that the very
low dose of botulinum toxin type A
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used in the present study effectively
reduced spasticity is that the subjects
were very young children (2-5 yr
old). Experimental work in animals
suggests that spasticity interferes
with longitudinal muscle gdrowth,
which results in the conversion of
dynamic contractures to fixed perma-
nent contractures.!! Cosgrove et al.4
have reported that the response of
calf muscles to injection of botuli-
num toxin type A was limited in older
children. This may be the result of an
increased incidence of fixed myo-
static contractures in older children.
It is possible that in young children,
selective injection of botulinum toxin
type A may allow sufficient time to
regain muscle length before the mus-
cle tone returns,® thus reducing the
conversion to fixed contractures.
The clinical improvement ob-
served in the present study persisted
for 10 to 12 mo. In addition, there
were patients who had some return of
spasticity after 12 mo but who were
nonetheless able to maintain a satis-
factory gait pattern for much longer.
It is possible, although unlikely, that
this is a direct effect of the toxin
injection. However, it is also possible
that long-term physiological changes
occurred in the treated muscles and
their antagonists that allowed the
beneficial effects of treatment with
botulinum toxin type A to persist af-
ter the direct effects of the toxin on
the injected muscle or muscles had
worn off. It is possible that the weak-

Botulinum Toxin Use in Cerebral Palsy

ening of the treated muscles allowed
the antagonistic muscles to become
strongder and better capable of counter-
ing the effects of any spasticity that
began to return as normal neuromus-
cular transmission was restored in the
treated muscles. Strengthening of the
antagonists after surdical lengthening
of the calf and hamstring has been re-
ported previously.!? It 1s also possible
that relaxation of the spastic muscles
may have facilitated longitudinal growth,
which has previously been reported in
developing children,* and that this re-
sulted in a decrease in spasticity. More-
over, it is also possible that the rehabili-
tation therapy that these children
received (heating modalities, stretching
exercises, therapeutic facilitation exer-
cises, and plastic ankle and foot orthoses)
may have helped promote the relaxation
of spastic muscles, which, together with
strengthening of the antagonist muscles,
may have promoted long-term reduc-
tions in spasticity.>1?

In summary, this study demon-
strates that very low doses of botuli-
num toxin type A (0.5-1 Unit/kg of
body weight/muscle) combined with
rehabilitation therapy decreased spas-
ticity and improved gait in cerebral pal-
sied children. The long-term effects
of this combination of treatments sug-
gest that the initial effects were likely
the result of a direct botulinum toxin—
mediated blockade of neurotransmis-
sion, but that the sustained effects re-
sulted from long-lasting compensatory
mechanisms that developed as a result
of the combination with rehabilitative
therapy. However, more studies are war-
ranted to further investigate the long-
term physiologic changes that occur in
the spastic muscles of very young pediat-
ric cerebral palsy patients who receive
this combination of treatments and, also,
how this may affect the overall clinical
features of their disease.
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