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A b s t r a c t

Introduction: We evaluated the effects of botulinum toxin type A (BTA) with 
physical therapy on dynamic foot equinus correction and higher motor func-
tional outcome in children with spastic type of cerebral palsy (CP).
Material and methods: Ankle joint active and passive movement, gas-
trocnemial muscle spasticity levels (Modified Ashworth Scale (MAS)), and 
higher motor functional status (Gross Motor Function Classification System  
(GMFCS) and Gross Motor Function Measure (GMFM) (GMFM-D – standing 
and GMFM-E – walking) were assessed before treatment and 3, 8, 16 weeks 
and 6 months after BTA administration in 12 children. 
Results: There was a  significant improvement of active (initial – (–)13.07 
±5.78; 6 months – (–)10.64 ±4.77; p < 0.001) and passive (initial – 4.21 
±2.29; 6 months – 4.71 ±2.16; p < 0.05) ankle joint foot dorsiflexion. GMFM-D  
and GMFM-E were significantly higher after 3, 8, 16 weeks (p < 0.001) and 
GMFM-D after 6 months (p < 0.001). 
Conclusions: Botulinum toxin type A  administration and physical therapy in 
patients with spastic CP improves the motion range of dynamic foot equinus 
after 3 weeks and higher motor functional outcome (standing and walking).
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Introduction

Cerebral palsy (CP) refers to a group of non-progressive nervous sys-
tem disorders with musculoskeletal manifestation due to an early brain 
developmental disorder [1]. Cerebral palsy may be followed by sensory, 
affective, perceptive and cognitive impairments with seizure disorders 
in certain cases. It is assumed that CP is the most frequent cause of 
physical handicap in childhood, with incidence of 2–2.5 per 1000 new-
borns [2]. Spasticity is the most frequent neurological presentation of CP, 
which is manifested mainly on lower extremities and correlates close-
ly with prematurity [3, 4]. The permanent musculoskeletal pathology in 
spastic type of CP is acquired during childhood. Several authors have 
pointed out that a reduction by at least 50% in the longitudinal growth 
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of myofibrils could be associated with the onset of 
contractures and permanent skeletal-joint system 
deformities [5–7].

The majority of children with spastic type of CP 
present with both spasm and contractures, since 
contractures develop in early stages. The transi-
tion time from dynamic to fixed contracture in 
these patients varies and depends on the type 
of selective muscle groups. Fixed contracture in 
unilateral spastic type of CP develops earlier on 
lower than on upper extremities, pointing to the 
fact that at the time of surgical correction of rigid 
equinovarus deformity, there is still a possibility of 
a successful conservative treatment outcome for 
the spasticity of upper extremities [8].

It is important to include children with spastic 
type of CP in early treatment to prevent possible 
rigid contractures, deformities and correction of 
acquired improper motor functions. Previous re-
ports advise postponing surgical intervention of 
spastic equinus until the age of 6 years if possible, 
since at younger age there is a greater chance for 
recurrent intervention [9]. The treatment of dynam-
ic contractures and spasticity in CP patients includes 
administration of botulinum toxin type A  (BTA) as 
well as physical therapy and proper orthoses appli-
cation. The BTA effects are permanent and include 
irreversible denervation in the applied region, lead-
ing to muscle weakness. In clinical terms, spasticity 
reduction lasts for 12–16 weeks in the majority of 
patients, while functional effects can last 6 months 
and above, followed by the formation of new syn-
apses [10, 11]. 

Previously we have pointed out that there is a pos-
itive correlation between BTA treatment and physi-
cal therapy, with a  reduction in spasticity and over-
all functional outcome for children with CP [12]. We 
have postulated that reduction in ankle joint motion 
spasticity in children with CP who were included in 
BTA treatment could be in correlation with increase 
in movement range followed by the increase in angle 
motion and improvement in higher motor functions 
(standing and walking). 

Therefore, in this study we aimed to evaluate the 
effects of BTA administration along with physical 
therapy on correction of dynamic foot equinus (de-
grees of motion in ankle joint) and higher motor func-
tional outcome (standing and walking) in children 
with spastic type CP.

Material and methods

Study group

This prospective study included 12 children age 
between 2 to 6 years with both unilateral and bi-
lateral spastic type of CP. The abobotulinumtoxi-
nA (ABO), BTA-ABO, was applied into the gastroc-
nemial muscle for the purpose of dynamic foot 

equinus correction. Before inclusion in the study 
parents or legal guardians were informed about 
the treatment protocol and informed consent was 
obtained. The study was approved by the Insti-
tutional Review Board of the Faculty of Medicine 
and carried out according to the principles of good 
clinical practice. The BTA-ABO administration was 
done by a board certified physiatrist.

Criteria for inclusion in the study were as fol-
lows: obtaining informed consent, dynamic con-
tracture of ankle joint with inadequate response 
(absence of spasticity reduction over 2 months 
of continuous physical therapy) to the physical 
treatment, patients able to walk with or without 
help, patients who attended a re-habilitation pro-
gram regularly. Exclusion criteria were as follows: 
rigid contractures of ankle joint, significant dif-
ference between length of lower limbs (> 5 cm), 
significant lower limb muscular atrophy, surgical 
correction on ankle joint or foot performed, pre-
viously applied injection with alcohol medium in 
gastrocnemial muscle, and irregular attendance in 
a re-habilitation program. 

One ampoule of BTA-ABO that was used in the 
study consisted of 500 international units (IU) 
and was dissolved before application in 2.5 ml of 
sterile 0.9% NaCl solution. Total drug dosage was 
distributed in both gastrocnemial muscle heads 
(caput laterale et mediale), so in total we treated 
16 lower extremities with dynamic spastic foot 
equinus. Application of BTA-ABO was determined 
by palpation on 2 or 4 applicable places in the gas-
trocnemial muscle, according to the length of the 
distal part of the lower limb below the knee. Total 
drug dosage was calculated according to the child 
body weight, so for children with unilateral form it 
was 10 IU/kg, while for those with bilateral form it 
was 20 IU/kg. If needed, according to the decision 
of a board certified physiatrist, diazepam suppos-
itories were given for sedation one hour prior to 
BTA-ABO application.

Physical therapy was individually designed and 
included thermotherapy, kinesiotherapy (exercises 
included movement range increase, ankle dorsi-
flexion facilitation, muscle stretching, antagonists 
strengthening, gait training, coordination, and 
correction of acquired improper motor functions), 
occupational and functional therapy, and prescrip-
tion of adequate orthoses for deformity correction. 
The program was initiated 5 days after BTA-ABO 
application, with the plan of the standardized 
physical therapy to be performed 3 times weekly 
in duration of 1 h per child [13]. For the purpose 
of this study the physical therapy program lasted 
for 16 weeks.

The effects of BTA-ABO application and ap-
plied physical therapy were estimated by the 
analysis of active and passive movement in the 
ankle joint, gastrocnemial muscle spasticity and 
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motor functional status (measured by Gross Mo-
tor Function Measurement (GMFM)). These pa-
rameters were measured 5 times: before treat-
ment, 3, 8, 16 weeks after and 6 months after 
the treatment. 

Active and passive movement in the ankle joint 
was measured using a  standardized goniometer 
and was expressed by angle degrees. Active joint 
movement was evaluated through active cooper-
ation with the patient (the patient performs an 
active movement on request), while passive ankle 
movement was performed by the examiner, with 
the exclusion of compensatory movements. In-
ability to perform foot dorsiflexion up to the neu-
tral position was indicated with a  negative sign 
(–). The degree of spasticity was estimated by the 
Modified Ashworth Scale (MAS) with performed 
passive movement of the ankle in a supine lying 
position [14]. 

Motor functional status of children with CP was 
estimated by GMFM, which is considered as the 
gold standard and a valid instrument for quantifi-
cation of how many motor functions the child can 
perform and is specially designed for CP patients 
[15]. We applied the GMFM-88 test with 88 mo-
tor functions divided into 5 categories: A – lying 
and rolling (17), B – sitting (20), C – crawling and 
kneeling (14), D – standing (13), E – walking, run-
ning, jumping (24) [15]. The score was expressed 
as a percentage. The study included presentation 
of treatment effects on the standing category 
(GMFM-D) and walking category (GMFM-E), which 
represents the highest level of acquired motor 
functions, since the CP patients in this study were 
able to walk with or without help. 

Statistical analysis

The data were presented as arithmetic mean 
values (x) with standard deviation (SD) and 95% 
confidence interval (95% CI). To evaluate statis-
tical difference between mean values at differ-
ent times of observation and between groups 
we used Student’s t-test for dependent samples. 
In cases where the distribution of parameters 

showed deviation from normal we used the Wil-
coxon signed ranks test to test the statistical dif-
ference between mean values. Pearson’s c2 test 
was used to evaluate the distribution of categor-
ical variables. Statistical significance was set at  
p < 0.05.

Results

The average age of evaluated participants with 
spastic type of CP from the study was 4.38 ±0.11 
years and average body weight was 19.48 ±4.12 kg.  
The average applicable dose of BTA-ABO per 
patient was 215.01 ±112.04  IU, ranging from  
100 IU to 480 IU. 

There was a highly significant difference in mean 
values of active foot dorsiflexion in the ankle joint 
after BTA-ABO application versus initial values 
before treatment (p < 0.001) (Table I). The values 
of foot dorsiflexion after 6 months, even though 
they were close to the initial values, were still 
highly significantly different (p < 0.001) (Table I).  
Mean values of passive foot dorsiflexion at 3, 8 
and 16 weeks after the beginning of the treat-
ment highly significantly differed (higher values) 
versus the initial values (p < 0.001) (Table II). At  
6 months after BTA-ABO application there was still 
a significant difference (p < 0.05) in mean values 
but the mean value was closer to the initial one 
(Table II).

When spasticity levels of extensor muscles are 
compared according to the MAS, it is observed that 
there is a significantly higher proportion of those 
patients with lower spasticity levels at 3, 8 and 16 
weeks after the beginning of the treatment ver-
sus initial values (p < 0.001). After 6 months there 
was non significant change in the proportion of 
patients regarding spasticity levels, even though 
a distribution trend of lower spasticity levels was 
noticed (Table III).

Mean values of GMFM-D score after 3, 8, 16 
weeks, as well as after 6 months, statistically sig-
nificantly differ (higher values) versus the initial 
value before treatment of BTA-ABO (p < 0.001) (Ta- 
ble IV). It was noted that mean values of GMFM-D  

Table I. Motion mean values and statistical interpretation of active foot dorsiflexion

Period N X ± SD Significance 95% CI

Active foot 
dorsiflexion
(degrees) 

Before treatment 16 (–)13.07 ±5.78 (–)16.41–(–)9.73

After BTA-ABO treatment:

3 weeks 16 4.29 ±5.08 p < 0.001a 1.36–7.22

8 weeks 16 10.86 ±4.87 p < 0.001b 8.05–13.67

16 weeks 16 7.71 ±4.38 p < 0.001a 5.19–10.24

6 months 16 (–)10.64 ±4.77 p < 0.001 a  (–)13.39–(–)7.89

aStudent’s t-test, bWilcoxon signed ranks test, N – number of extremities
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score 6 months after the BTA-ABO treatment 
are closer to initial values (Table IV). Mean val-
ues of GMFM-E score after 3, 8 and 16 weeks 
statistically significantly differ (higher values)  
versus initial values before BTA-ABO treatment  
(p < 0.001) (Table V). There is no significant differ-
ence in mean values of GMFM-E scores between 
initial values and 6 months after the beginning of 
treatment (Table V).

Discussion

The consensus of BTA use for the treatment 
of lower extremity spasticity in children with 
spastic type of CP was based on the analysis of 
professional opinions and literature from the In-

ternational Committee for BTA treatment [3]. The 
results were published in the form of recommen-
dations in 2010, and it is further pointed out that 
BTA injection is effective treatment for spasticity 
in CP children, which should be combined with 
physical therapy and application of orthoses. 
It should be stated as well that the results over  
20 years of BTA application in children with CP 
have proven that such treatment has undoubted 
positive therapeutic effects on reducing spasticity; 
therefore, methodologically, in our study we did 
not follow the effects of BTA application compared 
to the control group.

It is noted that reduction of spasticity influenc-
es different functional aims in different groups 

Table II. Motion mean values and statistical interpretation of passive foot dorsiflexion

Period N X ± SD Significance 95% CI

Passive foot 
dorsiflexion 
(degrees)

Before treatment 16 4.21 ±2.29 2.89–5.54

After BTA-ABO treatment:

3 weeks 16 14.64 ±3.13 p < 0.001a 12.84–16.45

8 weeks 16 15.36 ±4.18 p < 0.001b 12.94–17.77

16 weeks 16 13.07 ±4.23 p < 0.001a 10.63–15.52

6 months 16 4.71 ±2.16 p < 0.05 3.47–5.96
aStudent’s t-test, bWilcoxon signed ranks test, N – number of extremities

Table III. Comparison of frequency of ankle extensors spasticity level according to MAS

Level  
of spasticity

Before  
treatment

After BTA-ABO treatment

3 weeks 8 weeks 16 weeks 6 months

0 0 9 11 1 0

1 0 5 4 9 0

1+ 1 2 1 5 1

2 5 0 0 1 9

3 10 0 0 0 6

4 0 0 0 0 0

Total 16 16 16 16 16

Value of p < 0.001* < 0.001* < 0.001* NS

*Pearson c2 test

Table IV. The GMFM-D scores in evaluated group of patients before and after BTA-ABO application

Period N X ± SD Significance 95% CI

GMFM-D
(%)

Before treatment 12 68.64 ±14.67 64.07–73.21

After treatment:

3 weeks 12 75.59 ±12.76 p < 0.001* 71.62–79.57

8 weeks 12 82.64 ±12.90 p < 0.001* 78.62–86.65

16 weeks 12 87.25 ±11.63 p < 0.001* 83.62–90.87

6 months 12 71.59 ±15.14 p < 0.001* 66.87–76.31

*Wilcoxon signed ranks test, N – number of subjects
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of patients, but the common characteristic for all 
of them is an increase of movement range. We 
found that there was a highly significant increase 
in active movement range in the ankle joint for 
the group of CP children with spastic foot equinus 
at 3 weeks after BTA-ABO application and the sig-
nificance was maintained throughout the entire 
investigation (p < 0.001). Such increase in active 
movement range maintains its positive trend with 
the peak in the 8th week after the beginning of 
treatment. In the period between 16 weeks and 
6 months after the BTA-ABO treatment there was 
a decline in the mean values of active movement 
range, but still with a significant difference versus 
initial values (p < 0.001). These findings correlate 
closely with reports of previous studies, stating 
that there is a  significant increase in movement 
range 3 weeks after BTA administration that is 
maintained throughout the 16th week after BTA 
application but with slightly lower statistical sig-
nificance (p < 0.01) [16, 17]. Such a difference in 
statistical interpretation is due to the study de-
sign, since most of the reports base their find-
ings on comparisons between experimental and 
control groups, while in our study we observed 
the increase of movement range before and af-
ter therapy in a group of children with CP. As for 
the active foot dorsiflexion, our results showed 
a highly significant increase in passive movement 
range in ankle joint dorsiflexion for the group of 
CP children with spastic foot equinus at 3 weeks 
after BTA-ABO application (p < 0.001), which 
maintained significance throughout the entire  
investigation, but after 6 months at the level of  
p < 0.05 (Table II). It is important to stress that 
there is significant benefit of even a  small in-
crease of active and passive movement range in 
ankle joint dorsiflexion for standing and walking 
as well as for prevention of rigid contractures.

Walking dysfunction, which is primarily condi-
tioned by the spasm of affected muscles in lower 
extremities, presents the dominant characteristic 
of spastic type of CP. The basis of the therapeutic 
approach is to identify and treat spastic muscles or 
muscle groups in order to increase the movement 
range in affected extremities, prevent contractures 
and deformities, and to encourage proper muscle 

and bone growth. It was noted in our study that 
there was a  highly significant decrease in spas-
ticity of the gastrocnemial muscle (p < 0.001) at  
3 weeks after BTA-ABO application and significance 
was maintained until 16 weeks after beginning 
treatment according to the MAS. However, even 
though there was no significant difference in the  
values after the period of 16 weeks, it was noted 
that spasticity levels were lower according to the 
MAS. Regarding the estimation of gastrocnemial 
muscle spasm, 10 muscles had grade 3 before 
BTA-ABO application, while 6 months after the 
treatment, 4 of them presented with lower spas-
ticity levels. In the work of Wong, spasticity reduc-
tion after BTA application was presented as an av-
erage decrease by 1.19 for gastrocnemial muscle, 
1.12 for adductors and 2.0 for extensors [18]. In 
our opinion, such an interpretation of spasticity 
reduction is statistically precise but without qual-
ification. From the results of our study it can be 
seen that change in motion range (angle degrees) 
is not in close correlation with the spasticity lev-
els at 6 months after BTA administration. Even 
though there was a decline in spasticity (MAS) in 
the evaluated group of patients, we demonstrated 
significant changes in angle degrees of ankle joint 
motion range. Such findings suggest that even 
lower reduction in spasticity in children with spas-
tic type of CP could result in significant changes 
of motion range of ankle joints, leading to better 
balance.

It is relatively simple to estimate spasticity re-
duction and movement range improvement, but 
the evidence of functional gains is more complex 
to estimate. It is essential to stress that measures 
of functions and abilities are of great significance 
in estimation of BTA treatment effects in children 
with CP. Recent findings indicate that BTA treat-
ment in children with CP could reduce energy con-
sumption, resulting in functional improvement 
[19]. Our results showed that BTA administration 
correlates closely with improvement in functions 
(standing (GMFM-D) and walking (GMFM-E)) and 
reduces spasticity. For improvement of walking 
ability a  longer period of time is needed, and 
a significant component in this process is habilita-
tion treatment. This is explained from the results  

Table V. The GMFM-E scores in evaluated group of patients before and after BTA-ABO application

Period N X ± SD Significance 95% CI

GMFM-E
(%)

Before treatment 12 55.49 ±20.87 48.99–61.99

After treatment:

3 weeks 12 62.52 ±19.06 p < 0.001a 56.58–68.46

8 weeks 12 70.83 ±18.57 p < 0.001b 65.05–76.62

16 weeks 12 77.00 ±16.07 p < 0.001b 71.99–82.01

6 months 12 58.15 ±20.35 51.81–64.49
aStudent’s t-test, bWilcoxon signed ranks test, N – number of subjects
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of our study by the fact that mean values of the 
GMFM score were higher for standing (GMFM-D) 
and lower for walking (GMFM-E). Several studies 
have reported the possible influence of BTA on 
improvement in walking from short term (up to 
3 months after the treatment) [20, 21] to long 
term (2 years and above) [22]. Gains in GMFM-E, 
6 months after the beginning of the treatment 
suggest how important habilitation is, aside BTA 
administration. One possible explanation for  
the non-significant improvement in GMFM-E at 
6 months after BTA-ABO application and physi-
cal treatment could be the fact that there was no 
significant reduction in spasticity levels that pre-
vent more stable coordination and proprioception 
during the motion of the body (walking).

In conclusion, BTA administration along with 
physical therapy in patients with spastic type of CP 
improves the motion range of dynamic foot equi-
nus in the ankle joint after 3 weeks following initial 
application as well the higher motor tasks (stand-
ing and walking). Continuous and individually as-
sessed physical therapy with duration not shorter 
than 16 weeks is needed for patients with CP.
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