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ABSTRACT
Introduction: Cerebral palsy (CP) is a group of disorders that affect muscle movement, tone and coordina-

tion. The reduction of spastic muscular paralysis can be obtained by intramuscular injection of botulinum 

neurotoxin type A (BTX-A). 

Objectives: This study aimed to evaluate the antispastic effect of BTX-A in children with spastic CP and to 

estimate the parents’ opinion about the effectiveness of BTX-A therapy. 

Material and methods: A group of 40 children was divided into the study (n = 24, BTX-A + rehabilitation) 

and the control group (n = 16, rehabilitation). The modified Ashworth scale (MAS) was used to assess 

the level of muscle tone. A survey method was used to determine the subjective opinion of the children’s 

parents regarding the effectiveness of BTX-A. 

Results: The BTX-A injections significantly reduced the level of muscle spasticity in children with CP (5.5 

points in the study vs. 2.8 points in control; p = 0.008). The analysis from the univariate linear regression 

model showed children from the study group (B = 1.38, p = 0.005) and older children (B = –0.30, p =  

= 0.046) influence the difference in obtained MAS scores. The best effect was obtained by combining the 

BTX-A injection with rehabilitation. Parents positively opinionated the use of BTX-A injections to improve 

functioning, decrease hypertonia, and facilitate carrying. 83% of parents noticed an improvement in their 

child’s functioning after the first injection of BTX-A and 92% would recommend BTX-A injections for CP.

Conclusions: BTX-A injections lead to a reduction in spasticity in children with CP. The effects of therapy 

are particularly noticeable at the beginning of the treatment, and the most effective in the youngest pa-

tients. BTX-A injections combined with intensive rehabilitation contribute to an improved functional level 

for children with spastic CP.
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Introduction

Cerebral palsy (CP) is a group of permanent disor-
ders of movement and posture causing activity restric-
tion and is attributed to non-progressive disturbances in 
the developing foetal or infant brain [1]. Motor disorders 
in CP are often accompanied by sensory, perceptual, 

cognitive, communication, behavioural disorders, epi-
lepsy, and secondary musculoskeletal difficulties [2, 3]. 
Despite the progress of neonatal medicine, CP is the 
most common cause of chronic disability in childhood, 
occurring in 2–2.5 per 1,000 births [4]. The risk of CP 
is 20–30 times more common in newborns of low birth 
weight [5].
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Cerebral palsy is the most frequent disability among 
very young children [6]. Spastic CP is the most com-
monly diagnosed disorder among children with CP [7]. 
The well-known adverse effects of spastic hypertonia 
are muscle contractures, muscle pain, pressure sores, 
soft tissue shortening and stiffness, joint stiffness or 
dislocations, and bone torsions, of which the primary 
consequences are abnormal posture and difficulty in 
hygiene, dressing, sitting, and movement [8].

In the rehabilitation of children with CP, neurophys-
iological methods are most often used, especially neu-
rodevelopmental treatment (NDT) developed by Bobath 
[9], dynamic neuromuscular treatment (DNT) developed 
by Vojta [10], proprioceptive neuromuscular facilitation 
(PNF) developed by Knot [11], and the sensory integra-
tion intervention concept (SI) developed by Ayres [12].

Spasticity management during CP should be com-
prehensive and carried out with specialists in neurolo-
gy, orthopaedics, and paediatric rehabilitation. When 
planning spasticity therapy, attention should be paid 
to the impact of dysfunction of specific muscles on the 
patient’s performance of so-called large motor activities 
and the gait quality. The benefits of BTX-A therapy can 
be divided into short-term: improving function, facil-
itating patient care, reducing discomfort and painful 
muscle hypertension, as well as long-term: preventing 
the development of permanent contractures, facilitat-
ing motor control, and developing correct movement 
patterns [13, 14].

The most important application of intramuscular BTX 
injections in children with CP is reducing the increased 
tone of spastic muscles in both the lower and upper 
limbs [15]. Based on spasticity and physical examina-
tion patterns, it is possible to determine which structures 
require injection [16]. Also, an ultrasound-guided tech-
nique for the intramuscular injection of BTX-A to treat 
spasticity can be utilized [17, 18]. For medical purposes, 
BTX-A and BTX-B are commonly used, of which BTX-A is 
used more often as the stronger type, whereas BTX-B is 
used in immunization for the first therapy [19].

BTX injections, like any other medication, may have 
side effects; however, despite the possible risks and 
side effects, the use of BTX preparations is considered 
safe [20]. The frequency of BTX-A administration is 
the key parameter of properly conducted therapy. 
Performing injections too frequently may lead to the 
patient’s immunization to BTX-A and the side effects of 
overlapping doses. It has been shown that despite the 
higher requirement of mean units per appointment over 
time, only 19% of all treatment cycles are associated 
with adverse, but tolerable, side effects [21]. 

It should be noted that, to date, only a few studies 
have evaluated the efficacy of BTX-A for parents of 
children with CP. The current state of knowledge in this 
important aspect is limited. It should be remembered 

that these parents become the specific therapists who 
provide everyday care and rehabilitation for their chil-
dren. Parents can systematically observe the effects 
of therapeutic interventions and know to what extent 
they impact the daily functioning of their children and 
the entire family.

The study aimed to evaluate the efficacy of intramus-
cular BTX-A in children with CP to obtain a reduction in 
muscle tone. The primary aim was to determine whether 
BTX-A injections affect the reduction in muscle tone of 
children with CP. The secondary aim was to identify 
factors affecting the efficacy of BTX-A in children with 
CP. The tertiary objective was to assess parents’ subjec-
tive impressions regarding the effects of intramuscular 
BTX-A in their children with CP.

Material and methods

Study design and participants  

This prospective, non-randomized, open-label and 
controlled study was conducted between December 
2016 and April 2017 at the Paediatric Department of 
Nephrology with the Department of Neurology in the 
Provincial Specialist Hospital in Wroclaw, Poland. The 
study involved 40 children with CP from 3 to 15 years 
old, who were divided into two comparative groups. The 
study group consisted of 24 children, including 14 boys 
and ten girls ranging in age from 3 to 15 years (mean 
age 8.0 ± 3.6). The control group consisted of 16 chil-
dren, including nine boys and seven girls ranging in 
age from 3 to 13 years (mean age 7.6 ± 2.9). Children 
from both groups were receiving rehabilitation and did 
not take any pharmacological agents affecting muscle 
tone. The children from the study group were subjected 
to BTX-A injections, while the control group children did 
not receive any injections.    

Measurement tools  

During both the basal and comparative tests, a mod-
ified Ashworth scale (MAS) was used, which is com-
monly employed to determine spasticity levels. MAS 
is a six-level scale, and the individual scoring values 
mean: 0 — no increase in muscle tone; 1 — a slight 
increase in muscle tone, manifested by a catch and 
release or by minimal resistance at the end of the range 
of motion when the affected parts are moved in flexion 
or extension; 1+ — a slight increase in muscle tone, 
manifested by a catch followed by minimal resistance 
through the remainder of the range of motion but the 
affected parts are easily moved; 2 — a more marked 
increase in muscle tone through most of the range of 
movement, but the affected parts are easily moved; 
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3 — considerable increases in muscle tone, passive 
movement difficult, and 4 — affected parts are rigid in 
flexion or extension [22].

The study also used a questionnaire designed 
by the authors and addressed it to the parents who 
accompanied the child with CP to the ward. This ques-
tionnaire contains six closed-ended questions that allow 
for the parent’s subjective opinion of the effectiveness 
of BTX-A on their children. The questionnaire also 
included questions about the age of the child and the 
approximate date of the first treatment with BTX-A and 
the number of previous BTX-A injections.

It is known that the level of spasticity varies over 
time — both on a time of day and a long-term basis 
depending on the period of illness, as well as depending 
on many external factors. During the study, researchers 
tried to eliminate the possibility of confounding factors, 
examining the child in conditions of comfort and safety, 
in a state of maximum calm, excluding signs of infection 
and other conditions that affect the level of spasticity. 
Every effort was made to examine children at the same 
time of day, 1–2 hours after a meal, to eliminate the 
influence of hunger or feeding. It should be empha-
sized, that the child was examined each time by the 
same persons who did not know the patient before. 
This was a physician experienced in administering BTX 
and a physiotherapist who continued providing reha-
bilitation.

Study procedure 

All patients were hospitalized in a paediatric reha-
bilitation unit. The study and control group were chil-
dren with the spastic type of CP. The study group was 
patients to whom BTX-A was administered for the first 
time before the rehabilitation program, and then com-
prehensive rehabilitation was applied. The control group 
was patients to whom BTX-A was not administered; only 
a rehabilitation program was conducted. Nevertheless, 
it should be noted that in patients in the control group, 
the BTX-A injections were scheduled for later, or the 
parents refused to use the BTX-A injections. Inclusion 
criteria: spastic CP, no previous BTX-A treatment, pa-
rental consent for BTX-A treatment. Exclusion criteria: 
other forms than spastic CP, previous treatment with 
BTX-A, use of other pharmacological treatments for 
spasticity in the course of CP, and no written informed 
consent from parents.

Each child in the study group has been assessed with 
the MAS before the first BTX-A injection and after its com-
pletion. Based on the difference in the number of points 
between the pre- and post-injection measurements, the 
level of spasticity reduction, improvement, or deteriora-
tion was shown. The average point value for each treated 
muscle was also determined for each patient.  

The first examination of each patient was performed 
on the day of admission to the hospital ward, and thus 
the day before the BTX-A administration. The second 
examination took place two weeks after the BTX-A in-
jection during a neurologist check-up appointment. 
The term of 14 days after injection corresponds with 
the time of maximum treatment effects which can be 
observed. It is assumed that the post-test results are 
synonymous with the expected prognosis or its absence 
after a BTX-A injection.

After BTX-A administration, the children were reha-
bilitated in the paediatric rehabilitation unit. A compre-
hensive and individualized rehabilitation was carried out 
using the NDT and PNF methods and manual therapy. 
The main aims were focused on reducing muscle con-
tractures, improving the child’s functional status, and 
re-educating movement patterns. The rehabilitation 
program for each child was determined individually 
and modified depending on the effects achieved by the 
administration of BTX-A.

BTX-A dosage

The following BTX-A dosages were used for the 
lower limb muscles: Ankle flexors: gastrocnemius 
5 to 15 IU/kg body weight (up to 4 injections per 
muscle), soleus 4 to 6 IU/kg body weight (up to 2 in-
jections per muscle). Tibialis posterior 3 to 5 IU/kg 
body weight (up to 2 injections per muscle). Ham-
strings (semimembranosus and semitendinosus) 5 to 
6 IU/kg body weight (up to 2 injections per muscle). 
Hip adductors (longus, brevis and magnus) 3 to 
10 IU/kg body weight (up to 2 injections per muscle). 
Gracilis 3 to 5 IU/kg body weight (up to 2 injections 
per muscle). 

The following BTX-A dosages were used for the 
upper limb muscles: Biceps brachii 3 to 6 IU/kg body 
weight (up to 2 injections per muscle). Brachioradia-
lis 1.5 to 3 IU/kg body weight (up to 2 injections per 
muscle). Pronator teres 1 to 2 IU/kg body weight (up 
to 1 injection per muscle). Wrist flexors (flexor carpi 
ulnaris) 1.5 to 3 IU/kg body weight (up to 1 injection 
per muscle), flexor carpi radialis 2 to 3 IU/kg body 
weight (up to 2 injections per muscle) and fingers 
flexors (flexor digitorum superficialis) 1.5 to 3 IU/kg 
body weight (up to 4 injections per muscle) and flexor 
digitorum profundus 1 to 2 IU/kg body weight (up to 
1 injection per muscle).

The total dose used was according to the drug 
characteristics, per limb up to 15 IU/kg body weight 
per limb; simultaneously, the dose of 21 IU/kg was 
not exceeded when injected into both limbs. Thus, the 
dose per individual muscle depended on the child’s 
body weight, and the amount of BTX-A per muscle was 
adjusted according to functional status.
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Table 1. Characteristics of groups in terms of age and gender

Variable Study group (n = 24) Control group (n = 16) P-value

Age [years] M = 8.0
SD = 3.6
Me = 7.0

Min-Max = 3.5–15.0

M = 7.6
SD = 2.9
Me = 7.0

Min-Max = 3.0–13.0

0.912*

Sex Boys n = 15 (56%) n = 9 (63%) 0.693**

Girls n = 9 (44%) n = 7 (37%)

* Mann-Whitney U test; ** c2 test 
M — mean; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — standard deviation

Ethical considerations  

The study protocol was approved by the indepen-
dent Bioethics Committee of the Wroclaw Medical 
University in Poland (approval no. KB–280/2017). 
All parents of the participating children gave written 
informed consent to data collection, examinations, 
measurements, subsequent analysis, and personal 
data storage for purposes of this study before the study 
began. The study was carried out in accordance with 
the statements of the Helsinki Declaration and with 
consideration of the current Good Clinical Practices 
guidelines.    

Statistical analysis  

Statistical analysis was performed using Statistica 
13.0. software (StatSoft, Inc., Tulsa, OK, USA). For 
quantitative variables, arithmetic averages, medians, 
standard deviations, and range of variation (extreme 
values) were calculated. For quantitative variables, the 
frequency of their occurrence (percentage) was calcu-
lated. All quantitative variables tested were checked 
with the Shapiro-Wilk test to determine the type of 
distribution. A comparison of qualitative variables 
between groups (study vs. control) was made using 
the chi-squared test (c2). A comparison of quantita-
tive variables between groups (study vs. control) was 
made using the U Mann-Whitney test. Also, a linear 
regression analysis was carried out to assess the 
effect of selected factors on the difference in points 
obtained in the MAS assessment (difference in MAS 
grade after injection between the basal pre-injection 
MAS grade). A non-standardized and standardized 
regression coefficient, standard error, and statistical 
significance level were determined. The next step was 
to build a multifactor model (a stepwise progressive 
method), taking into account the following variables: 
gender, age, and group. The level of significance was 
set at p < 0.05.

Results

Participants’ characteristics  

A group of 40 children participated in the study and 
were assigned to two comparison groups. The study 
group consisted of 14 boys (56%) and ten girls (44%) 
between the ages of 3.5 and 15 years. The control group 
consisted of 16 children, including nine boys (63%) 
and seven girls (37%) aged from 3 to 13 years. There 
were no statistically significant differences between the 
variables assessed (Tab. 1).

Injected muscles with BTX-A  

A neurologist chose the muscles subjected to 
BTX-A injections after a previous physical examina-
tion. Lower limb muscles accounted for 86.3% of all 
injections (hamstrings = 38 injections, ankle flexors 
55 injections, tibialis posterior = 20 injections, hip 
adductors = 6 injections, and gracilis = 7 injections) 
while upper limb muscles accounted for 13.7% of all 
injections (5 injections of each muscle: biceps brachii, 
brachioradialis, pronator teres, wrist flexors, and fingers 
flexors). The muscle group most frequently subjected 
to injections was the ankle plantar flexors (gastrocne-
mius and soleus muscles), which accounted for 37.7% 
of all muscles injected. The less frequently injected 
muscle groups were the upper limbs’ muscles, 3.4% 
on average.

Intergroup and intragroup comparisons of MAS  

The intergroup and intragroup comparisons of the 
MAS scores were conducted. In the study group, 3 to 
12 muscles were injected, with six muscles on average. 
The MAS score after BTX-A injection in the study group 
dropped by an average of 5.5 points. In the control 
group, the decrease was 2.8 points. The difference in 
results was statistically significant (p = 0.008). Also, 
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Table 2. Intergroup and intragroup comparison of the MAS score

Variable Study group (n = 24) Control group (n = 16) P-value*

M Me Min Max SD M Me Min Max SD

Number of injected muscles/ 
/examined muscles

6.1 6.0 3.0 12.0 2.6 4.8 4.0 3.0 8.0 1.9 0.122

Pre-intervention MAS score 12.9 11.8 5.5 23.5 5.4 10.1 8.0 5.5 20.0 4.7 0.080

Post-intervention MAS score 7.4 7.0 2.0 15.5 3.9 7.3 6.0 2.0 15.5 4.0 0.989

Difference in the MAS score 5.5a 4.8 1.0 13.5 3.5 2.8a 3.0 0.0 5.0 1.4 0.008

Average improvement per muscle 0.9 1.0 0.2 1.8 0.4 0.6 0.6 0.0 1.0 0.3 0.009

*Mann-Whitney U test — intergroup comparison (study group vs. control group)
aStatistically significant differences between results before and after the intervention (Wilcoxon’s test; p < 0.05 — intragroup comparison)
M — mean; MAS — modified Ashworth scale; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — 
standard deviation

Table 3. Intergroup and intragroup comparison of the MAS score concerning the gender

Sex Variable Study group (n = 24) Control group (n = 16) P-value

M Me Min Max SD M Me Min Max SD

Girls Number of injected muscles/ 
/examined muscles

6.3 6.0 3.0 12.0 2.7 4.9 5.0 3.0 8.0 1.8 0.266

Pre-intervention MAS score 14.1 14.0 7.0 23.5 5.6 9.9 9.0 6.0 16.0 3.3 0.153

Post-intervention MAS score 7.6 6.0 2.0 15.5 4.3 7.1 7.5 3.5 11.0 2.3 0.916

Difference in the MAS score 6.5a 5.0 3.0 13.5 3.8 2.7a 3.0 0.0 5.0 1.6 0.011

Average improvement per 
muscle

1.0 1.0 0.6 1.6 0.3 0.5 0.6 0.0 0.8 0.3 0.011

Boys Number of injected muscles/
examined muscles

5.9 6.0 3.0 10.0 2.6 4.7 4.0 3.0 8.0 2.1 0.311

Pre-intervention MAS score 12.2 11.0 5.5 19.5 5.3 10.2 7.0 5.5 20.0 5.8 0.270

Post-intervention MAS score 7.3 7.0 2.0 14.0 3.8 7.4 5.5 2.0 15.5 5.0 0.976

Difference in the MAS score 4.9a 3.5 1.0 11.5 3.2 2.8a 3.0 0.0 4.5 1.4 0.233

Average improvement per muscle 0.9 0.8 0.2 1.8 0.4 0.6 0.6 0.0 1.0 0.3 0.222

*Mann-Whitney U test — intergroup comparison (study group vs. control group)
aStatistically significant differences between results before and after the intervention (Wilcoxon’s test; p<0.05 – intragroup comparison)
M — mean; MAS — modified Ashworth scale; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — 
standard deviation

a statistically significant higher mean improvement 
was reported in the study group (0.9 points) than in 
the control group (0.6 points). However, no statistically 
significant differences between the remaining variables 
were observed (Tab. 2).

Comparisons of MAS due to gender  

Each boy from the study group had an average of six 
muscle injections, and the improvement observed was 
0.9 points for each muscle subjected to injection. Each 
girl from the study group also had an average of six 
muscle injections, and the improvement observed was 
1.0 points for each muscle subjected to injection. In turn, 
each boy and girl from the control group had tested an 

average of five muscles, and the improvement observed 
was 0.6 points for each tested muscle in boys and 
girls. A statistically significant decrease in the MAS score 
in both the study and control groups was observed in 
girls and boys. In addition, girls from the study group 
had a statistically significant higher decrease in the MAS 
score or a higher average improvement per muscle than 
the girls in the control group. However, there were no 
statistically significant differences between boys and 
girls in each comparative group (Tab. 3).

Comparisons of MAS due to age group  

The test results were also compared according to 
the children’s age. The group was divided into three age 
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subgroups: 3–6 years, 7–10 years, and 11–15 years. In 
children from the 3–6 age group as well as the 7–10 age 
group, a one-point improvement was demonstrated for 
each muscle subjected to the BTX-A injection. A signifi-
cantly smaller improvement was observed in children 
from the 11–15 age subgroup, which was 0.6 points for 
each muscle subjected to BTX-A injection. Children from 
the control group showed similar improvement values, 
regardless of their age. The reduction of muscle spastic-
ity oscillated around 0.6 points for each muscle tested. 
In all subgroups for both the study and control groups, 
the decreases were statistically significant. There was no 
statistically significant decrease in MAS score observed 
in the age subgroup 11–15 years (control group). In 
the intergroup comparisons (study vs. control), higher 
statistically significant differences were presented in the 
study group. These results concern the age subgroups 
3–6 years and 7–10 years. Also, it was observed in the 
study group that the difference in the MAS score was 
statistically highest in the age group 3–6 years in relation 
to the other age subgroups (Tab. 4).

Comparisons of MAS due to injected limb  

The effectiveness of BTX-A injections in relation to 
particular muscle groups of the upper or lower limbs 

was considered. In the study group, there was a com-
parable reduction of MAS scores after BTX-A injections 
in the muscles of the lower and upper limbs. A similar 
result was found in the control group. However, in the 
lower limbs of the study group, differences in the MAS 
score were significantly higher than in the control group 
(p = 0.020). However, it should be noted that in the study 
group, the initial MAS scores of the lower limb muscles 
were also significantly higher (p = 0.034) (Tab. 5). 

Another factor is the number of muscles subjected 
to BTX-A injections in each child. Three subgroups were 
adopted: 3–5 muscles, 6–8 muscles, and 9–12 mus-
cles. In all three subgroups, there was a statistically sig-
nificant reduction in MAS scores after the intervention. 
The largest decrease was recorded in the subgroup 
where most muscles received BTX-A injections. The 
highest differences in MAS scores were recorded in 
this subgroup (Tab. 6).

Comparisons of MAS due to amount of injections  

The relationship between variables such as study 
vs. control group, sex, and age was carried out using the 
MAS. The analysis from the univariate linear regression 
model showed children from the study group (B = 1.38, 
p = 0.005) and older children (B = –0.30, p = 0.046) 

Table 4. Intergroup and intragroup comparison of the MAS score concerning the age group

Age 
group

Variable Study group (n = 24) Control group (n = 16) P-value

M Me Min Max SD M Me Min Max SD

3–6 Number of injected muscles/
examined muscles

7.2 7.0 3.0 12.0 2.8 4.2 3.5 3.0 6.0 1.5 0.031

Pre-intervention MAS score 15.0 16.0 7.0 23.5 5.2 8.3 6.0 5.5 15.0 4.0 0.014

Post-intervention MAS score 7.5 9.0 2.0 11.0 3.1 5.7 4.5 2.0 11.5 3.5 0.340

Difference in the MAS score 7.4a 6.0 2.5 13.5 4.0 2.6a 3.0 0.0 4.0 1.5 0.012

Average improvement per muscle 1.0 1.0 0.4 1.6 0.3 0.6 0.6 0.0 1.0 0.3 0.039

7–10 Number of injected muscles/ 
/examined muscles

5.1 5.0 3.0 9.0 2.5 4.3 4.0 3.0 8.0 1.8 0.609

Pre-intervention MAS score 11.3 9.0 5.5 20.0 6.1 9.5 8.0 7.0 20.0 4.7 0.701

Post-intervention MAS score 6.4 4.0 2.0 15.5 5.3 7.1 6.0 4.0 15.5 3.9 0.371

Difference in the MAS score 4.9a 5.0 2.0 7.5 1.8 2.4a 3.0 0.0 4.5 1.5 0.018

Average improvement per muscle 1.0 1.0 0.6 1.8 0.4 0.6 0.6 0.0 1.0 0.3 0.030

11–15 Number of injected muscles/
examined muscles

5.2 5.5 3.0 8.0 1.9 7.0 8.0 5.0 8.0 1.7 0.302

Pre-intervention MAS score 11.0 10.5 6.0 18.0 4.2 15.0 16.0 11.0 18.0 3.6 0.245

Post-intervention MAS score 8.3 7.5 3.5 14.0 4.0 11.0 11.0 7.5 14.5 3.5 0.366

Difference in the MAS score 2.8a, b 3.0 1.0 4.0 1.0 4.0 3.5 3.5 5.0 0.9 0.093

Average improvement per muscle 0.6 0.6 0.2 1.0 0.3 0.6 0.6 0.4 0.7 0.1 0.897

*Mann-Whitney U test — intergroup comparison (study group vs. control group)
aStatistically significant differences between results before and after the intervention (Wilcoxon’s test; p < 0.05 — intragroup comparison)
bStatistically significant differences between the results in relation to the age groups (ANOVA Kruskal-Wallis test; p < 0.05 — intergroup comparison)
M — mean; MAS — modified Ashworth scale; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — 
standard deviation



198

MEDICAL RESEARCH JOURNAL 2023, vol. 8, no. 3

www.journals.viamedica.pl/medical_research_journal

Table 5. Intergroup and intragroup comparison of the MAS score concerning the evaluated muscle (lower vs. upper limb)

Limb Variable Study group (n = 24) Control group (n = 16) P-value

M Me Min Max SD M Me Min Max SD

Lower  
limb

Number of injected muscles/ 
/examined muscles

6.3 6.0 3.0 12.0 2.4 4.6 4.0 3.0 8.0 1.9 0.053

Pre-intervention MAS score 13.5 12.5 6.0 23.5 5.5 9.6 8.0 5.5 18.0 4.3 0.034

Post-intervention MAS score 8.2 8.0 2.0 15.5 4.3 6.9 5.5 2.0 14.5 3.7 0.475

Difference in the MAS score 5.3a 5.0 1.0 13.5 3.4 2.7a 3.0 0.0 5.0 1.5 0.020

Average improvement per muscle 0.9 0.8 0.2 1.8 0.5 0.6 0.6 0.0 1.0 0.3 0.167

Upper  
limb

Number of injected muscles/ 
/examined muscles

5.7 5.0 3.0 10.0 3.0 5.3 5.0 3.0 8.0 2.5 1.000

Pre-intervention MAS score 11.8 11.0 5.5 19.5 5.4 12.2 9.0 7.5 20.0 6.8 0.853

Post-intervention MAS score 6.1 5.5 2.0 10.0 3.0 9.2 6.0 6.0 15.5 5.5 0.267

Difference in the MAS score 5.8a 4.0 2.5 12.5 3.7 3.0a 3.0 1.5 4.5 1.5 0.309

Average improvement per muscle 1.0 1.0 0.7 1.6 0.3 0.6 0.6 0.5 0.6 0.1 0.016

*Mann-Whitney U test — intergroup comparison (study group vs. control group)
aStatistically significant differences between results before and after the intervention (Wilcoxon’s test; p < 0.05 — intragroup comparison)
M — mean; MAS — modified Ashworth scale; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — 
standard deviation

Table 6. Intergroup and intragroup comparison of the MAS score concerning the number of injected muscles

Number of injected 
muscles

Variable Study group (n = 24)

x̅ Me Min Max SD

3–5 Number of injected muscles/examined muscles 4.7 5.0 3.0 8.0 1.8

Pre-intervention MAS score 10.0 9.0 5.5 20.0 4.2

Post-intervention MAS score 6.3 5.0 2.0 15.5 4.3

Difference in the MAS score 3.7a 3.5 1.0 6.0 1.4

Average improvement per muscle 0.9 0.8 0.2 1.8 0.4

6-8 Number of injected muscles/examined muscles 7.0 7.0 6.0 8.0 1.0

Pre-intervention MAS score 15.6 16.0 12.5 18.5 2.4

Post-intervention MAS score 8.3 10.0 3.5 11.0 3.1

Difference in the MAS score 7.3a 6.0 2.5 12.5 4.5

Average improvement per muscle 1.0 1.0 0.4 1.6 0.5

9-12 Number of injected muscles/examined muscles 10.3b 10.0 9.0 12.0 1.3

Pre-intervention MAS score 20.3b 19.5 18.5 23.5 2.2

Post-intervention MAS score 10.3 10.0 9.0 12.0 1.3

Difference in the MAS score 10.0a,b 9.5 7.5 13.5 2.5

Average improvement per muscle 1.0 1.0 0.8 1.1 0.1

aStatistically significant differences between results before and after the intervention (Wilcoxon’s test; p < 0.05 — intragroup comparison)
bStatistically significant differences between the results in relation to the number of injected muscles (ANOVA Kruskal-Wallis test; p < 0.05 — 
intergroup comparison)
M — mean; MAS — modified Ashworth scale; Max — maximum value; Me — median; Min — minimum value; n — number of persons; SD — 
standard deviation

influence the difference in obtained MAS scores. These 
variables have been confirmed in a multifactor model. 
The results of children who underwent BTX-A injections 

(B = 0.89, p = 0.007) increase the difference in obtained 
MAS scores. Also, the older the children are, the smaller 
the difference (B = –0.28, p = 0.003) (Tab. 7).
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Table 7. Simple and multiple linear regression model assessing the association of predictors with the difference in the 
MAS score

Variable The difference in the MAS score

Simple linear regression analysis Multiple linear regression analysis

B SE t p-value ß B SE t p-value ß

Group Control – –

Study 1.38 0.46 3.01 0.005 0.44 0.89 0.31 2.9 0.007 0.28

Gender Boy – –

Girl 0.37 0.51 0.73 0.47 0.12 – – – – –

Age –0.30 0.14 –2.07 0.046 –0.32 –0.28 0.09 –3.1 0.003 –0.30

B — unstandardized regression coefficient; ß — standardized regression coefficient; MAS — modified Ashworth scale; SE — standard error; t — 
B/standard error

Parental feedback on BTX-A effects  

The results obtained are compatible with parents’ 
opinions of children with CP who were involved in the 
study. Most parents (83%) noticed an improvement in 
their child’s functioning after the first injection of BTX-A. 
On the other hand, 13% of parents could not comment 
on this relationship, and 4% did not notice improvement 
after the injections.

Most parents (88%) noticed a reduction in muscle 
tone in their child after BTX-A injections (42% “definite-
ly” and 46% “slightly”). However, 12% of parents were 
not able to clearly state whether such improvement 
occurred. It is worth emphasizing that only 4% did not 
notice an improvement in muscle tone.

Most parents indicated an answer confirming the 
improvement in caring for their children, 54%, of which 
25% is significant, and 29% is a slight improvement. 
Only 13% of parents were unable to determine if child-
care improved. A large group, 29% are self-dependent 
children, which is reflected in selecting the answer “not 
applicable”. Only 4% of parents believe there is no differ-
ence in their child’s daily care since the injection. Most 
parents (75%) perceived BTX-A injections as adjunctive 
and support for their child’s rehabilitation. According to 
13% of parents, injections were the only and the best 
way to reduce muscle tone, and 8% of parents could 
not determine their opinion. Only 4% of parents believe 
BTX-A did not improve the level of the child’s functioning.

Most parents (92%) would recommend BTX-A in-
jections to other parents of children with CP in order 
to effectively reduce spastic muscle tone. Only 8% of 
parents were unable to answer the question unambig-
uously; however, they did not deny its effectiveness.

Discussion

One of the aims of this study was to assess parental 
subjective perceptions of the effects of intramuscular 

BTX-A administration in their CP children. So far, only in 
a few studies, the effectiveness of BTX-A was evaluated 
by parents. This is an important aspect of therapy but 
an unreliable way to evaluate treatment. Given the goals 
of spasticity treatment, including that facilitating patient 
care, and improving patient independence, a parental 
subjective assessment has significant practical value. 
In the study by Papavasiliou et al. [23], parental as-
sessment reflects the effects of therapy confirmed by 
clinical tests. In contrast, a study by Slawek and Klimont 
[24] showed a lack of correlation between parental as-
sessment and medical findings. The present study also 
correlated the results with parental opinions. The results 
obtained are consistent with the opinions of parents of 
children with MPD who participated in the study. Most 
parents (83%) noted an improvement in their children’s 
functioning after the first BTX-A injection.

Also, this study’s results show a comparison of the 
MAS scores between the first test (before the injection) 
and post-treatment (two weeks after the injections). It 
was demonstrated that the applications of intramuscular 
BTX-A injections significantly reduced spastic muscle 
tone in the examined group of children. The MAS scores 
obtained after injections indicate improvement in mus-
cle tone ranging from minimal to a complete abatement 
of spasticity. However, it is worth noting that in all the 
examined children, including the control group, there 
was a reduction in muscle tone.

Beneficial results of using BTX-A for antispastic 
purposes in children with CP were previously presented 
by many other researchers [25–29]. On this basis, com-
prehensive evaluations and systematic reviews [30–33], 
and meta-analyses [34] were also developed. It was 
also observed that the BTX-A affects an increase in the 
range of mobility of both small and gross motor skills in 
the limbs of children with CP [35, 36]. It was confirmed 
that BTX-A injections are a valuable treatment option 
to improve gait function in children with CP [37, 38].

Analysis of the results in terms of factors that may 
affect the effectiveness of BTX-A injections showed 
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the child’s age, and the number of treatments children 
were subjected to are the most important. The study 
suggests that the most responsive to BTX-A were the 
youngest children in the age group 3–6 years. The old-
est children’s scores were almost 50% worse compared 
to younger children. A similar difference in effectiveness 
occurred among children after their first injection. After 
three or more injections, the scores showed signifi-
cantly declining results. This conclusion corresponds 
to the results of Hong et al. [39], who also noticed an 
improvement in children who did not have an injection 
before the observation or only had one. Therefore, it 
is worth emphasizing the maximum effect of the first 
injection and carefully considering whether increasing 
the number of injections is necessary [40].

Similar conclusions regarding the age of children 
were demonstrated by researchers Linder et al. [41]. 
Their study compared results to a placebo group and 
showed that the efficacy of BTX is strongly correlated 
with younger age. Similarly, the study by Mirska et al. 
[42] noted that young age and a low degree of dis-
ability are predictors of long-term improvement after 
BTX-A administration. Kalinowski et al. [43] also stated 
that a single BTX injection could bring effects lasting 
as long as 18 months, and suggested the age range of 
1–5 years was optimal for injections.

Many researchers extend their research to observe 
parents’ opinions [44], who have a great deal of insight 
into the child’s current development and spend more 
time with the children than the researchers. In the 
present study, a subjective assessment of the effects of 
BTX-A treatment by parents indicates positive results of 
this therapy. Most parents noticed an improvement in 
their children’s functioning since the first injections were 
applied. Parents also declared that lowering muscle 
tone leads to more comfortable daily care. Almost all 
parents would recommend using BTX-A to other parents 
of children suffering from CP to reduce muscle tension.

As shown in the study conducted by Gugała and 
Snel [45], as many as 96.7% of parents noticed a ther-
apeutic effect after the administration of BTX-A to their 
children. Of these, 80% of positive responses concerned 
a noticeable reduction in muscle tone. In turn, a study 
by Wilk et al. [46] on the efficacy of BTX-A in therapy for 
children with spastic CP indicates that 90% of parents 
notice improvement after treatment.

Therapy with BTX-A is an effective and safe method 
for reducing muscle tone in children with spastic CP. It 
is important to note that serious side effects may occur 
in approximately 3% of patients, in which case injections 
should be discontinued [47].

Many factors influence the effectiveness of BTX-A in-
jections, but a two-way improvement should be consid-
ered, supplemented with rehabilitation. The implemen-
tation of therapy with BTX-A should occur as soon as 

possible, even beginning in the child’s first year. With 
this approach, the formation of muscle contractures, 
secondary bone deformities, and an increase in the 
overall disability can be avoided. It can also significantly 
facilitate the child’s daily care.

Studies assessing the impact of BTX-A should be 
continued on a larger population using a range of other 
measurement tools, thus enabling more accurate data 
to be collected. Despite many existing studies on the im-
pact of BTX-A injections, further research is worthwhile 
to improve individual treatment programs for children 
with CP. The aspects in need of optimization include the 
selection of appropriate muscles, the dose (including all 
treatments) and doses for individual muscles, the time 
between injections, calculations taking into account the 
weight of the child, the initial degree of spasticity, and 
the level of development of motor skills.

Also, injections can be painful for children, and 
the first impressions of pain affect the degree of pain 
perception in subsequent injections. It is worth consid-
ering modern solutions to reduce pain and minimize 
the accompanying stress, such as video games or 
virtual reality.    

Study limitations  

This study has some potential limitations which 
should be discussed. First of all, the size of the 
experimental group. This number is sufficient to 
observe the overall impact of BTX-A injections but 
may be considered insufficient when comparing 
a subsequent subgroup (e.g., in relation to chil-
dren’s age). In the larger study population, the 
conclusions about the differences between the 
subgroups would be more confident. Another lim-
itation is that the study only shows results obtained 
after two weeks of BTX-A treatment. The authors did 
not carry out any further measurements to observe 
the effectiveness of the therapy (follow-up evalu-
ation). However, in this case, it is complicated to 
evaluate the long-term clinical effects without the 
potential risk of bias, because once the observa-
tion is completed, the subjects undergo different 
influences (other treatments, pharmacotherapy, and 
rehabilitation) which may be of importance for the 
results (disturbing them). Another limitation which 
should be emphasized is the fact that apart from 
BTX-A injection, both groups were subjected to 
physiotherapeutic procedures. The quality of such 
procedures may affect clinical findings and modify 
the results obtained in other facilities, which should 
be taken into account in future studies. The last lim-
itation is that the MAS assessor knew the allocation 
of patients to each group so future studies should 
consider blinding the assessor.
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Conclusions

The conducted research concludes that intramus-
cular injections with BTX-A cause a reduction of spastic 
hypertonia in children with CP. The effects of BTX-A ther-
apy are particularly noticeable at the beginning of 
the treatment and are most effective in the youngest 
patients. BTX-A injections, combined with intensive 
rehabilitation contribute to the functional improvement 
of children with CP.
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