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Estimation of botulinum toxin type A efficacy on spasticity and functional
outcome in children with spastic cerebral palsy

Hristina Colovic®, Lidija Dimitrijevic®®, Ivona Stankovic*®, Dejan Nikolic,, Dragana Radovic-Janosevic*

Aim. We evaluated the effects of botulinum toxin type A (BTA) — abobotulinumtoxinA on passive motion resistance
(PMR) values of lower limbs affected muscles and on the functional motor status in children with spastic cerebral palsy
(CP).

Methods. In Group | (28 lower limbs with spastic muscles), and in Group Il (14 lower limbs with dynamic spastic
equinus) BTA was administered. Physical therapy was prescribed for 16 weeks. We estimated PMR using the Modified
Ashworth Scale. Achieved functional motor level was evaluated by Gross Motor Function Classification System (GMFCS)
and Gross Motor Function Measure (GMFM). Parameters were assessed before treatment and after 3,8,16 weeks and
6 months respectively.

Results. In Group |, PMR was significantly lower for hip adductors and knee extensors over 3-16 weeks, and for ankle
joint extensors in both groups.

There were significant differences for both groups in frequencies of GMFCS values after 16 weeks from BTA application.
There was a significant increase in GMFM scores after 8 and 16 weeks from BTA application in both groups of patients.
Conclusions. BTA treatment in CP children is followed by reduction in PMR values and improvement in functional
motor status.
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INTRODUCTION children with limitation in joint movement range) (ref.?).
The therapy approach for spastic muscles and dynamic
Cerebral palsy (CP) is a group of developmental disor-  contractures include application of botulinum toxin (BT),
ders of movement and posture, causing activity limitation, = physical therapy and orthoses®. In human medicine, BT
that are attributed to a non-progressive disturbances in is most frequently used as BT type A (BTA) that is com-
the developing fetal or infant brain. The motor disorders  mercially available as Dysport® (Ipsen Ltd, Slough, UK)
of cerebral palsy are often accompanied by disturbances  (abobotulinumtoxinA - ABO), BOTOX® (Allergan Pty
of sensation, cognition, communication, perception, and/  Ltd) (onabotulinumtoxinA - ONA) and Xeomin® (Merz
or behavior, and/or by a seizure disorder!. The most fre- Pharmaceuticals) (ref.>*'?).
quent presentation of neurological impairment in CP is The consensus regarding the application of BTA in
spasticity with most pronounced effect on skeletal mus-  the therapy of lower limbs spasticity in children with spas-
cles (70-80%), where heterogeneity of clinical phenotypes tic type of CP is based on analyses of numerous reports
is the dominant characteristic>3. Affected muscles usually  and studies from the International Committee for BTA
present with fewer myofibrils and their decreased longi-  therapy?. It is noticed that BTA injection is an effective
tudinal length. Studies have demonstrated that decrease  treatment for spasticity of lower limbs in CP patients and
in the longitudinal length of myofibrils of 50% leads to  should be combined with physical therapy and orthoses.
the onset of contractures and fixed deformities of the = Previous reports state that higher quality of outcome in-
skeletal-joint system*’. In the spastic type of CP, contrac-  volves accurate measures of quantitative and qualitative
tures are present in early stages. Therefore, even though  parameters. Since, there is no single unit consolidating
spasticity is primarily present, the majority of children  both parameters it is recommended that outcome mea-
have combined clinical presentation of spasm and con-  sures should include at least one objective parameter that
tracture®. Regarding the therapy approach, it is important  refers to local response to BTA application and at least
to distinguish 2 types of contractures: dynamic (in young-  one functional parameter>!!. Therefore, the aim of our
er children, where reduction in joint movement range is  study was to evaluate the effects of BTA - ABO applica-
due to the spasm of affected muscles) and fixed (in older  tion on passive motion resistance (PMR) values of af-
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fected muscles on lower limbs and on functional motoric
status in children with spastic type of CP.

MATERIAL AND METHODS

The prospective clinical study included 27 children,
aged between 2-6 with unilateral or bilateral types of spas-
tic cerebral palsy. The proposed study methodology and
evaluation parameters were approved by the Institutional
Review Board of Faculty of Medicine and carried out ac-
cording to the principals of good clinical practice. The
administration of BTA was done by a board certified
Physiatrist. Initial clinical screening for prior inclusion
in the study and follow-up was done by board certified
Physiatrists, among them with sub-specialty in pediatric
rehabilitation and extensive experience in neurological re-
habilitation. Complete hetero-anamnesis was taken from
parents or legal guardians of eligible participants, and
complete clinical and diagnostic tests were performed in
order to establish treatment protocol. The BTA was ad-
ministered into the spastic muscles of lower limbs. The
criteria for inclusion of the evaluated subjects in the study
were: dynamic contractures of lower limbs with inadequate
response to physical therapy; patients capable of walking
with or without support; patients who were regularly
and continuously involved in re-habilitation. Criteria for
exclusion of evaluated subjects from the study were: pres-
ence of fixed contractures of lower limbs joints; significant
difference in length between lower limbs (>5cm); appar-
ent muscular atrophy of lower limbs; surgical indications;
preformed surgical intervention on the foot, ankle joint
and leg; previously administered injection with alcohol
medium in the muscle that was to be treated in the study;
non regular rehabilitation attendance. The parents or legal
guardians of the patients that were included in the study
were informed about the protocol and consent was ob-
tained prior to inclusion. For application of BTA, abobo-
tulinumtoxinA (ABO) was used. One ampoule of BTA that
was administered and consisted of 500 international units
(1.U.). dissolved just before application in 2.5 ml of sterile
0.9% Sodium chloride (NaCl) solution. Total drug dosage
was distributed to several regions in the lower limbs mus-
cles, according to the degree of the spasticity. Two groups
were analyzed: Group I consisted of 28 evaluated lower
limbs, where spastic adductor muscles, hamstrings (semi-
membranosus and semitendinosus muscles), and medial
and lateral heads of gastrocnemius muscle were treated
with the application of the BTA into the spastic muscle.
Group II consisted of 14 evaluated lower limbs with dy-
namic spastic equinus of the foot, which was treated by
the BTA application in the both heads (medial and lateral)
of gastrocnemius muscle.Palpation was used to assess the
place of BTA administration. For each application site
defined dosage of BTA was prepared in a plastic syringe
1 cm? and for intramuscular infiltration G 24-27 needles
of 25-40 mm in length were used. Total drug dosage was
calculated according to the patient’s weight. For children
with the unilateral form, when the drug was administered
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into one leg, the dose was 10 1.U./kg, while for children
with the bilateral form, where the drug was administered
into both legs, total dosage was 20 I.U./kg. According to
the board certified physician’s estimation, one hour before
drug administration, for the purpose of patient’s sedation,
diazepam suppositories were used. Physical therapy pro-
tocol was individually prescribed and assessed, and refers
to an identical program for evaluated subjects that were
included in the study: parafino therapy; kinesiotherapy (ex-
ercises to increase movement range, elongation of muscles
with reduced length, strengthening of the antagonists, bal-
ance and coordination exercises, exercises for the correc-
tion of improperly developed motoric functions: sitting,
crawling, walking and for the stimulation of non developed
motor functions); occupational and functional therapy;
and application of adequate orthoses for the correction
of foot equinus deformity. Physical therapy was initiated
5 days following BTA administration, 3 times a week for
16 weeks and for a duration of 45-60 min. Effects of BTA
application and performed re-habilitation were assessed by
follow-up and muscles PMR analysis on affected leg and
by functional motoric status estimation. These parameters
were measured five times: before treatment, and 3 weeks,
8 weeks, 16 weeks and 6 months after the beginning of the
treatment. Passive motion resistance was estimated accord-
ing to the Modified Ashworth Scale (MAS) (ref.!>!?). To
ensure reliability of results, 3 physiotherapists with exten-
sive experience in pediatric rehabilitation (more than 15
years) under the supervision of board certified Physiatrist
with sub-specialty in pediatric rehabilitation preformed
measurement, and results gained on same day of evalu-
ation were compared. For the estimation of achieved
functional motoric level of evaluated patients, we applied
Gross Motor Function Classification System (GMFCS)
- the classification system for the estimation of adopted
rough motoric functions in children with CP (ref.*). To
measure the change in gross motor function during the fol-
low-up of evaluated patients with CP we used Gross Motor
Function Measure (GMFM) score. We implemented the
GMFM-88 score that is composed of 5 determinants with
each item having a range from 0-3 (ref."®). The physio-
therapists with expertise in pediatric developmental reha-
bilitation preformed evaluation of GMFCS and GMFM
under the supervision of board certified Physiatrist.Data
were presented as arithmetic mean (X), standard deviation
(SD), minimal (Min) and maximal (Max) values and 95%
confidence interval (95% CI). Categorical variables were
presented as frequencies. Student’s t-test for independent
samples was used to test differences between mean values
of different groups of patients, and in the cases where
distribution of parameters showed deviation from normal
(estimated by Shapiro-Wilk test) we used Mann-Whitney
test. Student’s t-test for dependent samples was used to
test presence of statistical difference in the groups com-
paring evaluated parameters in tested intervals, and in the
cases were distribution of parameters showed deviation
from normal we preformed Wilcoxon Signed ranks test.
Comparison of frequency distributions was done by Pe-
arson x2 test. Statistical significance was set at P<0.05.
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RESULTS

There were 17 (62.96%) male and 10 (37.04%) female
participants diagnosed as spastic CP. Group I included
16 children while Group II included 11 patients with the
spastic type of CP. The unilateral form was described in
12 (44.44%) patients while bilateral in 15 (55.56%) par-
ticipants with CP. Shapiro-Wilk test determined normal
distribution of further parameters: age, body weight (BW),
total drug dosage and drug dosage regarding BW (1.U./
kg) (Table 1).

The average values for gender and laterality of CP
(unilateral or bilateral) are given in Table 1. The average
age of the participants was 4.12 SD 0.97 years, where
the youngest was 2 years and 9 months, while the oldest
was 6 years. Average BW was 18.30 SD 4.44 kg eranding
from 11 to 30 kg. Average drug dosage per participant was
237.78 SD 109.94 1.U., range from 100 I.U. to 480 1.U.
Average drug dosage regarding participants BW (I.U./kg)
was 12.89 SD 4.70 1.U./kg range interval between 8.33 to
20.83 I.U./kg. During the study in 3 patients symptoms of
upper respiratory tract infection appeared after 2 weeks
of BTA application. Degree of passive motion resistance
was determined according to MAS. In Group I it is shown
that lower values of PMR degree are more frequent regard-
ing the estimation of hip adductors and for PMR of knee
extensors at 3, 8 and 16 weeks after the BTA treatment
when compared with initial values (P<0.001) (Table 2).

However, there was no significant difference between
the evaluated values of PMR degree before treatment and
after 6 months (Table 2). Regarding the PMR degree es-
timation for ankle joint extensors in both groups (Group
I and Group II), lower values of such parameters were

significantly more frequent at 3, 8 and 16 weeks respec-
tively after the BTA application versus initial values be-
fore treatment (P<0.001) (Table 3). After the 6 months
we found no significant differences in values regarding
degree of ankle joint extensors PMR degree when they
were compared with the values before BTA but we found
that lower values were more frequent (Table 3).

We showed that there were significant differences
in frequencies of GMFCS values only after 16 weeks
from the BTA application, both in Group I and Group
II, compared with the values before treatment initiation
(P<0.001) (Table 4). GMFCS values did not significantly
differ after 3 and 8 weeks or 6 months of the BTA treat-
ment beginning versus the values before therapy (Table
4). When the GMFCS values were compared between
groups, we found statistically significant difference in
GMEFCS values after 8 and 16 weeks as well as 6 months
of the BTA application (P<0.001), generally due to the
better functional levels of Group II. When subjects were
analyzed as one sample, GMFCS values significantly dif-
fered after 8 weeks (P<0.05) and 16 weeks (P<0.001) of
BTA application versus initial values before treatment
(Table 4).

In Table 5, we presented the total GMFM score in pa-
tients before and after BTA in both groups. Mean values
of total GMFM score in patients from Group I signifi-
cantly differ (higher) after 8 weeks (P<0.05) versus those
at the beginning of treatment, and highly significantly dif-
ferent (higher) after 16 weeks (P<0.01) from the values
at the beginning of therapy. The same applied to patients
from Group II.

Table 1. Evaluated parameters and statistical presentation regarding gender and laterality of CP
(unilateral or bilateral).

Number of

Minimal Maximal

.. Mean value and SD 95% CI
participants value value
Age (years) Gender Male 17 4.23 SD 1.05 3.69-4.77 2.90 6.00
Female 10 3.95SD 0.84 3.34-4.55 2.75 5.20
CP laterality =~ Unilateral 12 4.19 SD 1.15 3.46-4.92 2.75 6.00
Bilateral 15 4.07 SD 0.85 3.60-4.54 2.90 6.00
Body mass Gender Male 17 18.47 SD 4.86 15.97-20.97 12.00 30.00
(kg) Female 10 18.00 SD 3.83 15.26-20.74 11.00 24.00
CP laterality  Unilateral 12 18.33 SD 5.48 14.85-21.82 11.00 30.00
Bilateral 15 18.27 SD 3.59 16.28-20.26 12.00 24.00
Total dosage  Gender Male 17 233.53 SD 99.18 182.54-284.52  120.00  450.00
(1) Female 10 245.00 SD 131.68 150.80-339.20  100.00  480.00
CP laterality ~ Unilateral 12 179.17 SD 45.82 150.06-208.28  100.00  250.00
Bilateral 15 *284.67 SD 124.49  215.73-353.61  140.00  480.00
Total dosage  Gender Male 17 12.82 SD 4.80 10.35-15.29 8.33 20.83
per weight Female 10 13.02 SD 4.79 9.59-16.44 8.82 20.00
unit (LJ./kg)  CP laterality =~ Unilateral 12 9.90 SD 1.37 9.03-10.78 8.33 13.33
Bilateral 15 *%15.28 SD 5.08 12.47-18.09 8.82 20.83

P<0.05, ** P<0.01 (Mann-Whitney U test)
CP - Cerebral palsy
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Table 2. Evaluation of PMR level frequencies for hip adductors and knee extensors according to MAS
before and after BTA application.

Before treatment

After application of BTA (Group I)

(Group I) 3 weeks 8 weeks 16 weeks 6 months
=) = =) 5 k=) 5 =) = =) >
st v sl (> < () S () S 15}
z 3 s 3 : 3 s 3 s 3
& 8 8 2 8
i v, s V. T V. = v, s V.
0 0 0 17 22 23 24 1 2 0 0
1 1 4 9 4 5 4 4 8 1 4
1+ 1 1 2 2 0 0 4 10 1 1
2 14 14 0 0 0 0 16 8 17 16
3 12 9 0 0 0 0 2 0 9 7
4 0 0 0 0 0 0 0 0 0 0
Total 28 28 28 28 28 28 28 28 28 28
Pearson Significance (be-
* * * * * * ns ns

fore and after treat-
ment)

() test

ns - P>0.05; *P<0.01

PMR-Passive Motion Resistance; MAS - Modified Ashworth Scale; BTA - Botulinum toxin type A

Table 3. Evaluation of PMR for ankle joint extensors according to MAS before and after BTA application.

After application of BTA
PMR Before treatment
level 3 weeks 8 weeks 16 weeks 6 months
Group I Group Il GroupI Group Il Groupl GroupII Groupl GroupIl GroupI Group II
0 0 0 13 9 22 10 1 1 0 0
1 0 0 14 4 5 3 4 8 1 0
1+ 2 1 1 1 1 1 4 4 1 1
2 12 4 0 0 0 0 16 1 14 6
3 14 9 0 0 0 0 3 0 12 7
4 0 0 0 0 0 0 0 0 0 0
Total 28 14 28 14 28 14 28 14 28 14
Pearson Significance
() test (before and after * * * * * * ns ns
X treatment)

ns - P>0.05; *P<0.001

PMR - Passive Motion Resistance; MAS - Modified Ashworth Scale; BTA - Botulinum toxin type A

DISCUSSION

With respect to the recommendations given by the
International Committee for the BTA therapy?, in our
study the effects of the BTA treatment and physical ther-
apy were estimated by the measurement of PMR as a lo-
cal response and by the estimation of functional motoric
levels as a qualitative category. In previous studies, the
effects of BTA treatment were estimated by the follow-up
of active and passive movements of the joints on affected
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limbs as objective parameters'®*. However, we question
the objectivity of such measurement, particularly active
movement in younger children (the study sample), mainly
due to the poor cooperation with the child during the ex-
amination. For this reason, we decided to measure passive
motion resistance levels in the evaluated population, since
spasticity directly conditions movement range in joints.
From the results we pointed out that BTA in CP treatment
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Table 4. Estimation of functionality degree (GMFCS) in evaluated group of patients before and after

BTA application.
After application of BTA

Before treatment 3 weeks 8 weeks 16 weeks 6 months
GMFCS 5 5 5 s s
— ) — o — ] — o — )
level ] (=1 = ] (=1 e o =1 = ] =] = ] (=] =
= g 2 g g 2 g g 2 g g8 2 gz g 2
s & £ & & £ & & & & & £ & &8 £
©) ©) = o} o} = o} o} = ©) ©) = ©) ©) =
| 1 2 3 2 3 5 3 4 7 5 7 12 2 4 6
11 5 6 11 6 5 11 8 5 13 7 3 10 7 6 13
111 10 3 13 8 3 11 5 2 7 4 1 5 7 1 8
Total 16 11 27 16 11 27 16 11 27 16 11 27 16 11 27
Pearson Significance (before s s s s % s o o ns s s

(x?) test and after treatment)

ns - P>0.05; *P<0.05; **P<0.001

GMFCS - Gross Motor Function Classification System; BTA - Botulinum toxin type A

Table 5. Total GMFM score in evaluated groups of patients before and after BTA application.

Total GMFM score Time of evaluation Mean value and SD 95% CI
Glziulrgl Before treatment 67.76 SD 4.74 65.92-69.60
After application of BTA 3 weeks 73.01 SD 4.24 71.36-74.64
8 weeks 75.06 SD 5.20* 73.04-77.08
16 weeks 78.09 SD 5.48*** 76.96-80.21
6 months 70.89 SD 5.14 68.90-72.89
G;?;lﬁﬂ Before treatment 80.13 SD 3.38 78.18-82.08
After application of BTA 3 weeks 83.12 SD 3.55 81.07-85.17
8 weeks 87.98 SD 2.65* 85.45-89.51
16 weeks 91.68 SD 2.38** 89.30-93.05
6 months 81.06 SD 2.99 79.64-83.09

*P<0.05; **P<0.01 ***P<0.001

GMFM - Gross Motor Function Measure; BTA - Botulinum toxin type A

is effective in lowering the PMR levels of affected muscles
on lower limbs. The results correlate with previous similar
reports?2®, In these studies measurement of spasticity, in-
cluding PMR, was done using the method and in the same
way as in our study by MAS, and such parameter of the
evaluated study sample was presented as mean, referring
to non qualitative characteristics. Therefore the results of
this study were presented by the trend of the distribution
value that is assumed to be more illustrative of findings
presentation. One dominant characteristics of spastic CP
type is walking disbalance that is primarily caused by the
spasm of the affected muscles of the lower limbs. We dem-
onstrated in our study that there is statistically significant
decline in PMR levels for all evaluated muscles after 3
weeks from the beginning of the treatment in both groups
and such significance persisted through the 16 weeks of
treatment. In the period between 16 weeks to 6 months
from the beginning of therapy there was no significant
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decline in PMR levels but there was still a distribution
trend to lower PMR values. From 12 limbs with adductors
spasm that were given the mark 3 for PMR level, after
6 months of treatment, 9 of them remained with the same
PMR Ilevel. Regarding gastrocnemius muscle, of 23 limbs
that were given the mark 3 for PMR level, 19 remained
with same mark after 6 months of treatment. Functional
measures are one of the most important parameters for
the estimation of the BTA therapy in children with CP. It
is important to underline the key question regarding the
BTA therapy should be: would there be changes in mo-
tor-functional levels after the BTA treatment? Therefore,
as standardized system for the classification of motoric
functions in children with CP age between 1-12 years we
used GMFCS (ref.). It is designed a 5 level scale and
reflects differences in functional and motor status of
children during regular activities with special emphasis
on sitting and walking. It has been noticed that GMFCS
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could be used for children of different ages to describe
gross motor function®. Analyzing the age structure of CP
children that were included in BTA treatment, significant
variations were noticed in previous studies. It was noticed
that younger children with I and II functional levels on
GMEFCS scale had higher consistent improvement, while
older CP children with III and IV functional levels on the
GMEFCS scale had non significant improvements. One
possible explanations could be the fact that children with
moderate to severe physical limitations have lower poten-
tial for motoric functions improvement, with particular
group at IV and V levels on the GMFCS scale, where
limitation factor is contractures®*. Our results were con-
sistent with previous reports, pointing to the increase in
motoric functions since the followed-up sample consisted
of CP patients with functional levels from I to III. We
demonstrated that there was a significant improvement
in functional motoric status particularly after 16 weeks
of treatment (P<0.001) (Table 4). The probable explana-
tion for this is that children with CP have adopted ab-
normal motor patterns. Therefore, regardless of lowering
the muscle tonus and increase in movements range, the
adopted pathological motoric scheme is hardly corrected.
The main role in the formation of normal patterns of mo-
toric function rests on physical treatment, while the BTA
treatment makes to some degree easier implementation of
such treatment. Thus physical therapy is a necessary part
of treatment in children with CP after BTA, as has been
supported by several studies>?%?’. After 6 months from
the beginning of the BTA, physical therapy and orthoses,
there was no significant difference in functional improve-
ment, but there was a greater distribution of participants
with I and II functional levels on the GMFCS scale. Thus,
it can be concluded that for children with CP, with mild to
moderate levels of motoric functional disturbances clas-
sification, improvement after BTA, physical therapy and
orthoses is expected. The advantage of GMFCS beside
categorization of child’s functional mobility is that it can
be used for estimating whether a child should be referred
for hip dysplasia radiographic screening?. We demonstrat-
ed that there was significant increase in GMFM scores
after 8 and 16 weeks from the application of BTA in both
groups of patients. It is also shown that GMFM score was
higher even after 6 month from the beginning of treat-
ment, although without statistical significance, leading
to the assumption that these patients maintain the prac-
tice certain adopted motoric functions that were gained
during the course of physical therapy. Further, our study
found that the trend of lowest PMR values for all muscles
that were evaluated was between 3 and 8 weeks after the
BTA in both groups. It should be noticed that even though
there was gradual increase in PMR values after 8 weeks
from BTA there was increase in GMFM score in both
groups. Such findings suggest that botulinum toxin has
great significance for the reduction of PMR, while for the
motion skills acquisiton the longer period of time is need-
ed, where physical therapy is considered as significant
factor. In our study there were no side effects after BTA.
Three patients were found to have infection of upper re-
spiratory tract after 2 weeks from BTA application. Such
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symptomatology is typical in pediatric population, and
probably unconnected to BTA (ref.>?®). There are several
limitations in this study: the absence of placebo control
group for ethical reasons in younger children. Further, the
number of participants implies the necessity of further
studies that will evaluate further functional and overall
outcome of patients with spastic CP after administration
of BTA. The implementation of MAS even though it is not
considered reliable, was justified by the fact that younger
children from our study were not considered confident
for cooperation regarding active participation of proposed
tasks, therefore passive motion resistance was assumed
to be more reliable with the triplicate measurement of
3 experienced physiotherapists (one measurement per
one physiotherapist) and supervision of qualified board
certified physiatrist with experience in performing such
functional tests. The GMFCS is not an outcome measure
for CP, but this test is reliable, valid and clinically relevant
particularly concerning the management of CP (ref.?). In
conclusion, administration of BTA treatment in children
with CP is followed by reduction in PMR and improve-
ment in functional motoric status of these patients.
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