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Background: Botulinum toxin type A (BTX-A) is widely used to treat spasticity in children.
The optimal strategy for the combined treatment of casting and BTX-A injections is
not known. This prospective study is conducted to know the functional outcome of
immediate versus delayed casting post-BTX-A injection in children with cerebral palsy
(CP). Aims and Objectives: The aim of this study is to compare delayed versus immediate
casting as an adjunct to botulinum toxin therapy for spasticity of lower limb muscles in
CP. The objectives of the study are to test the hypothesis that delayed casting is superior
to immediate casting post-botulinum toxin injection and to know the feasibility of using
the Edinburgh visual gait score (EVGS) as a single qualitative and quantitative outcome
measure. Materials and Methods: A prospective study is conducted to compare immediate
casting with delayed casting post-botulinum toxin injection to spastic lower limb muscles
in patients with CP from July 2018 to February 2019. Inclusion criteria: A diagnosis of CP
with associated spastic monoplegia, diplegia, or hemiplegia with aided or unaided ambulation.
Exclusion criteria: History of orthopedic surgery in the preceding 12 months; selective dorsal
rhizotomy; mixed CP; ataxia; athetosis; non-ambulatory subjects. Results: The botulinum
toxin injection + delayed POP casting group fared better in terms of clinical and functional
outcome (as shown by improved EVGS scores) in our study. Conclusion: There is a clear
benefit in delaying casting after the injection of Botulinum toxin in the recurrence of spasticity.
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maintain the muscle in a shortened position. In children,
physiotherapy, augmented by serial casting and orthoses,
has been the mainstay of treatment to reduce tone, prevent

INTRODUCTION

Cerebral palsy (CP) refers to a group of non-progressive

movement and posture disorders resulting from injuries
to the developing fetal or infant brain. The worldwide
incidence of CP is 2-3/1000 live births, making it the
most common cause of physical disability in childhood.!
Spasticity is not only the most common motor disorder
but also the main cause of slowly developing secondary
problems such as contractures and bony deformities
in children with CP> Muscle in CP is characterized by
increased resting tone resulting from the primary brain
lesion. Stretch, an important stimulus for normal muscle
growth, is vigorously opposed by an exaggerated stretch
reflex response, and both spasm and spasticity tend to

secondary deformities, and improve function. Conservative
management is favored in younger children to avoid
potential risks such as overlengthening, infection, scarring,
and anesthetic problems, whereas in older children,
orthopedic surgery has a significant role.”

Typically, conservative management is indicated during
the high-growth phase of a child’s development, starting
at between 1 and 4 years of age, up until 7 years (on
average). There are only two conservative treatment
options for children with CP that has been shown to
be effective in the clinical trial setting: Serial casting and
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botulinum toxin type A (BTX-A).* BTX-A is widely used
to treat spasticity in children by acting on acetylcholine
receptors in the neuromuscular junction. When injected
intramuscularly in therapeutic doses, BTX-A produces
partial chemical denervation of the muscle. 2-3 days
following the BTX-A injection, spasticity is reduced,;
maximum effects occur in the 2" week, and the effect
continues for 3—6 months.” Published casting procedures
differ in terms of the duration of casting, from a single cast
for 3 weeks to changing casts after 2 weeks to serial casting
until attainment of a target range of motion (ROM).° The
immobilization associated with precocious casting may
inhibit the effect of BTX-A. Electrical stimulation studies
in both human and animal models have demonstrated that
increased muscle activity enhances the clinical effect of
BTX-A. Nerve stimulation accelerates the internalization
of BTX-A into the motor nerve terminal, thus facilitating
its inhibitory effect on acetylcholine release.” Therefore,
it seems likely that immobilization by casting immediately
after the injection decreases the uptake of the substance
and, as a consequence, its clinical effect. Another potential
advantage of delaying casting is the opportunity that is
present during the 1* month after injection to improve
joint ROM both during physical therapy and by habitual
walking with a lesser degree of spasticity. Although there
is evidence in the literature suggesting that combined
treatment of casting and BTX-A injections might have
additional benefits in short- and long-term outcomes to
either treatment alone and might provide better patient
compliance in children with CP, the optimal strategy for this
combined treatment is still not known. Hence, to observe
the functional outcome of immediate versus delayed
casting post-botulinum toxin A injections in children with
CP, this prospective hospital-based study is selected.

Aims and objectives

The aim of this study is to compare delayed versus
immediate casting as an adjunct to botulinum toxin therapy
for spasticity of lower limb muscles in cerebral palsy.
The objectives of the study are to test the hypothesis
that delayed casting is superior to immediate casting post
botulinum toxin injection and to know the feasibility
of using Edinburgh visual gait score- EVGS as a single
qualitative and quantitative outcome measure.

MATERIALS AND METHODS

The approval of the institutional ethical board was obtained
from Sri Padmavathi Medical College for Women-SVIMS.

Study design
A prospective study is to compare immediate casting with
delayed casting post-botulinum toxin injection to spastic
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(dynamic) lower limb muscles in patients with CP with
gait problems.

Study area
BIRRD (T) Hospital, Tirupati

Study duration
July 1%, 2018-February 28", 2019.

Study sample

All CP patients walking into the outpatient department
must meet the inclusion criteria for the study and be willing
to participate in it.

Inclusion criteria
(1) A diagnosis of CP with associated spastic monoplegia,
diplegia, or hemiplegia. (2) Aided or unaided ambulation.

Exclusion criteria

(1) History of orthopedic surgery in the preceding
12 months; (2) history of selective dorsal rhizotomy;
(3) children with so-called mixed CP, ataxia, and athetosis;
(4) non-ambulatory subjects.

Method of randomization

Group allocation was done by block randomization. All the
patients were randomized into two treatment groups: Group A
and Group B. In our study, we compared the functional
outcomes of patients who had undergone immediate POP
casting post-botulinum toxin injection (Group A) with
those of patients who had undergone delayed POP casting
post-botulinum toxin injection (Group B). Before the study
started, the total number of patients was randomized using
the blocked randomization technique, and Groups A and B
were mentioned on a 3X3 cm piece of paper according to
the serial order and sealed in envelope covers. Just before
the administration of botulinum toxin, the envelope covers
were opened, and the respective group allocation was done
according to the serial number allotted on the envelope covers.

Intervention

Injection of botulinum toxin A to target muscles is followed
by cast immobilization either immediately after injection or
3 weeks (delayed) after injection. Above-knee POP cast with
good padding over bony prominences was applied with knee
extension for children who received Botox to the hamstring
and gastrosoleus muscle groups. An above-knee POP cast
with an abduction bar was applied to children who received
botox to the adductor group of muscles. In each group, a
fixed cast was continued for 3 weeks once applied. After
3 weeks of casting, cast removal was done, and the child was
put through rehabilitation for a period of 3 weeks before the
final outcome was assessed. The outcome was assessed using
the Edinburgh visual gait score (EVGS) (observational gait
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score). A video was recorded using the high-quality mobile
camera in both the coronal and sagittal planes, both before
and after the intervention. We used Kinovea 0.8.15 software
for analysis of the gait recorded on video.

Injection technique

A vial of BOTOX, BTX-A, contains 200 units of freeze-
dried toxin.

Toxin is reconstituted with 4 ml. of 0.9% normal saline so
that each 1 mL contains 50 units of botulinum toxin. A 1-cc
tuberculin syringe and four 27 gauge, 1.5-inch needles will
be used for injection purposes. Ketamine-based procedural
sedation and analgesia (PSA) is given.® Parts are prepared using
0.9% normal saline and draped. Needles are placed into the
targeted muscle bellies 4-5 cm apart after clinical palpation, and
the position of the needles is confirmed by passively stretching
and relaxing the muscle and checking for the movement
of the needles.” If the needle moves, the toxin is injected
after initial withdrawal to rule out intravascular positioning
of the needle. If the needle does not move or if there was
aspiration of blood into the syringe, the needle is removed and
repositioned. Children in Group A were casted immediately,
whereas Group B children received a sterile dressing on the
injected part, which was removed after a while. All children

were allowed orally after a period of 2 h. No antibiotics were
advised after receiving the botox injection. Syrup paracetamol
was advised for pain relief following the injection.

RESULTS

The total number of male children was 27 (67.5%) and
female children were 13 (32.5%). Group A had 14 (70%)
male children and 6 (30%) female children. Group B had
13 (65%) female children and 7 (35%) male children. In this
study, 25 children (62.5%) were under the age of 5 years, and
37 children (92.5%) were under the age of 10 years. Only
3 children (7.5%) were aged above 10 years. The mean age
in Group A was 5.6522.852 (meant standard deviation
[SD]) and in Group B was 5.4513.052 (meantSD). In this
study, 30 children (75%) were under 15 kg of weight. A total
of 5 children (12.5%) weighed between 16 and 20 kg, and
another 5 children (12.5%) weighed over 21 kg. The mean
weight was 15.37+7.788 (mean®SD) in Group A and
16.1526.360 (meantSD). The mean dose of Botox given in
Group A was 77.00£39.149 (mean®SD) and in Group B was
76.75%26.817 (mean£SD). Table 1 gives us the information
regarding muscle groups injected in Group A and Group B.

Interpretation

Table 2 shows the mean EVGS score pre-botulinum toxin
in Groups A (28.00£9.74) (mean £ SD) and Group B
(28.30%11.18) (mean®SD), which were analyzed with the
mean EVGS score post-botulinum toxin in Groups A
(21.45£8.55) and Group B (17.45+7.37) using a t-test.
Statistically significant differences were obtained in both
groups and on comparison between Group A and Group B,
Group B post-botulinum toxin EVGS scores fared better.

DISCUSSION

Young age at administration of botulinum toxin was
found to be one of the factors that mark out patients

Muscle group injection Group A Group B
No. of patients Percentage No. of patients Percentage

Adductors

Bilateral 2 10.0 2 10.0
Hamstrings

Bilateral 8 40.0 8 40.0

Right 1 5.0 0 0.0

Left 3 15.0 1 5.0
Gastrosoleus

Bilateral 10 50.0 11 55.0

Right 1 5.0 2 10.0

Left 2 10.0 3 15.0
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Group A-immediate casting
Group B-delayed casting
Pre-botulinum toxin versus post-botulinum toxin EVGS scores

Study group n Mean*SD t-value Sig.
Group A
Initial 20 28.00+9.74 3.939** **P<0.01
Post-injection 20 21.45+8.55
Group B
Initial 20 28.30+11.18 5.924** **P<0.01
Post-injection 20 17.45+7.37
Overall
Initial 40 28.25+10.37 7.221** **P<0.01
Post-injection 40 19.35+8.00

EVGS: Edinburgh visual gait score, **statistically significant

30 4 28 285 e
M initial

25 | M post-injection

20 17.25

15 A

Mean Scores

Group A

Group B

Graph 1: Pre- and post-botulinum toxin Edinburgh visual gait score
scores

who are likely to achieve functional gains post botulinum
toxin A treatment (Elisa Fazzi et al.)."" We have had
similar observations with younger children showing
better functional outcome. Post-botulinum toxin A
management protocols vary and include a wide variety
of adjunct therapies such as stretching, taping, casting,
physiotherapy, electrical stimulation, extracorporeal shock
wave therapy, segmental muscle vibration, motorized
arm ergometry, modified constraint-induced movement
therapy, and dynamic splinting.'"'"* In our study, we have
opted for casting as an adjunct therapy post-botulinum
toxin, as it has been shown to be efficacious and feasible
in our setup.

The timing of casting has a crucial effect on the
improvement obtained after botulinum toxin A injections.
Several studies have compared the effects of casting,
botulinum toxin A injection, or combined treatments
on spasticity in children with CP."*"'7 Only one of these
studies examined issues surrounding the timing of casting
post-botulinum toxin A injection, which was done by
Newman et al. Our study had a higher sample size (40
children compared to 12 children) compared to Newman
etal.'®

178

In our study, we have randomized children with CP into
two groups. Group A consisted of children who underwent
immediate casting post-botulinum toxin A injection, and
Group B consisted of children who underwent delayed
(3 weeks later) casting post-botulinum toxin A injection.
In both groups, casts were retained for 3 weeks. A post-
therapeutic assessment was carried out using EVGS. This
was after allowing sufficient time for rehabilitation.

In our study, children in Group B fared better compared
to children in Group A in functional outcome (as shown
in Graph 1) as measured in terms of the EVGS score
(observational gait analysis). Similar results were reported by
Newman et al. They have observed a clear benefit in delaying
serial casting until 4 weeks after injection of botulinum toxin
in recurrence of spasticity for the gastrosoleus.

In our study, both groups showed improvement in EVGS
scores, except for 3 cases in Group A and 2 cases in
Group B, which showed deterioration in EVGS scores.
In Group A, one child who received botulinum toxin to
the left hamstrings and gastrosoleus had an unassisted gait
pre-botox and had an assisted gait post-botox despite a
reduction in spasticity. As the child was used to walk on his
forefoot before therapy, he was facing difficulty in gaining
balance with his newly achieved plantigrade foot, resulting
in a deterioration of his EVGS score. Two children, one
from each group, developed hyperextension of knees
with plantigrade feet as a result of persistent spasticity in
gastrocnemius, leading to a deterioration in EVGS scores.
Both were provided with appropriate orthosis in the follow-
up period. One child in Group B, who received botox to the
right gastrosoleus, had a shortening of 2 cm of the right
lower limb, which led to marginal deterioration (by 2 points)
of the EVGS score post-botox administration. The child
was provided with shoe risers subsequently. One child in
Group A had developed pressure sores as a result of casting;
hence, the child did not cooperate with passive stretching
exercises post-cast removal, and weight bearing was delayed.
The assessment got delayed by a month, which might have
led to a decrease in the EVGS score post-treatment.

For reconstitution of botulinum toxin, in our study, we
have opted for a lower volume of saline (4 mL for 200 U)
for drug delivery.” Our intention is to reduce of systemic
adverse effects. An increased frequency of systemic adverse
events with large volume group has been reported by Lee
et al.*’ We did not encounter any adverse events following
botulinum toxin injections with a low volume of saline as
a reconstituent, which was comparable to Lee et al.*

We employed PSA using ketamine for the administration
of botulinum toxin in target muscle groups. This allowed
us to carry out multilevel botulinum toxin A injections
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by placing needles at multiple sites in each target muscle
without much discomfort for the children. We have
employed EVGS as the functional outcome measure. In our
opinion, it is a feasible, reliable, and valid means of outcome
measure. Such observations were also made by Rathinam
etal,, Orozco et al., Tzikalagia, and Ramdharry** Hence,
our study compared the functional outcomes of delayed
casting post-botulinum toxin injection and immediate
POP casting post-botulinum toxin injection using EVGS
as a functional outcome measure, and our study showed a
better outcome in the delayed POP casting group with a
significant improvement in EVGS scores.

Limitations of the study

A multicentric study with a larger sample and use of 3-
Dimensional gait analysis as functional outcome measure
would be required to detect significant effect between delayed
versus immediate POP casting post Botulinum toxin.

CONCLUSION

The present study was undertaken to compare the clinical
and functional outcomes of botulinum toxin injection plus
immediate POP casting and botulinum toxin injection+delayed
POP casting, The botulinum toxin injection+delayed POP
casting group fared better in terms of clinical and functional
outcome (as shown by improved EVGS scores) in our study.
There is a better outcome in delayed casting groups in the
recurrence of spasticity. None of the cases showed adverse
events following botulinum toxin administration. Hence,
botulinum toxin was found to be safe and effective in treating
spasticity in children with CP. A multicentric study including a
larger sample with the use of three-dimensional gait analysis
as a functional outcome measure would be required to detect
significant outcome between delayed versus immediate POP
casting post-botulinum toxin.
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