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Abstract

Objectives: This study evaluated the factors predicting the effect of long-term intramuscular botulinum toxin-A (BTX-A) treatment 
on motor and gait functions in children with spastic cerebral palsy (CP).
Methods: Two hundred children diagnosed with CP were treated with BTX-A, with particular attention given to the lower limbs. 
The children were followed up for over two years. The severity of spasticity was evaluated using the Modified Ashworth Scale. The 
Gross Motor Function Classification System (GMFCS) and Observational Gait Scale (OGS) were used to assess changes in motor and 
gait function scores. Outcomes at the end of two years were compared with baseline values.
Results: After two years, the severity of spasticity and the GMFCS and OGS scores improved with BTX-A treatment. The most im-
portant factors predicting improvement in motor scores after treatment were young age, high baseline OGS scores, independent 
walking, baseline GMFCS scores, and hemiplegia. The determinant factors for improvement in gait scores were the number of 
injections and a high baseline GMFCS level.
Conclusion: The predictors of the efficacy of BTX-A treatment on gait and motor function were young age, independent ambula-
tory status, gross motor function level, high baseline gait scores, hemiplegic type of CP, and multiple BTX-A injections.
Keywords: Botulinum toxin-A, cerebral palsy, injection, spasticity
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Cerebral palsy (CP) has been defined by Mercer Rang 
as “an insult of the developing brain that produces a 

disorder of movement and posture that is permanent but 
not unchanging.” [1] In many communities, the prevalence 
of CP is reported as 2 to 3 per 1000 births.[2,3] Spastic cere-
bral palsy is the most common type, accounting for 80% of 
children with CP.[3] 

In children with CP, many primary motor problems and 
secondary skeletal maturation problems arise with growth 
and development. Spasticity is the major cause of motor 
impairment in these patients. During physical develop-
ment in childhood, the contribution of non-neural compo-
nents to spasticity increases, leading to joint contracture or 
deformity. Therefore, the quality of life of these children is 
negatively affected.[4] It is important to prevent these prob-
lems through an appropriate treatment program, especial-
ly one focusing on spasticity.[5] Botulinum toxin-A (BTX-A) 
injections are widely used to control lower limb spasticity 
in children with spastic CP.[6-9] According to Cochrane da-
tabase reviews, BTX-A is more effective than placebo or 
non-placebo control in improving gait, joint range of mo-
tion, satisfaction, and lower limb spasticity in children with 
CP, whereas the results for function are contradictory.[10] 
Some researchers have reported that BTX-A is effective not 
only in reducing the severity of spasticity but also in nor-
malizing functions such as gait patterns and gross motor 
functions.[11-14] However, some studies have reported that 
improvements in gait function are not always achieved and 
are small in magnitude and short-lived.[15] In the existing lit-
erature on the subject, most clinical trials of BTX-A in chil-
dren with cerebral palsy have focused on a single injection 
cycle with short-term follow-up (3-6 months). This is insuf-
ficient to establish a comprehensive understanding of the 
balance between benefit and harm.[16-19] 

Since CP is a condition that requires monitoring through-
out a child’s growth and development, long-term follow-up 
studies investigating functional outcomes are still needed. 
In addition, the determinant factors involved in function-
al gain related to lower limb motor function and mobility 
are still emerging. Identifying factors that allow prediction 
of the effect of BTX-A injections could help guide indica-
tions and treatment goals for injection. However, despite 
the widespread use of BTX-A, long-term functional predic-
tors, particularly gait and motor-level outcomes, remain 
poorly characterized, and existing studies are limited by 
small sample sizes and short-term follow-up. Therefore, the 
present study aimed to investigate whether the efficacy of 
BTX-A injections could lead to functional gain and to iden-
tify contributing factors related to this functional gain in 
terms of motor level and gait performance in children with 
spastic CP.

Methods
This prospective study included 200 children with spastic 
CP. Ethical approval for this study was obtained from the 
Ethics Committee of Şişli Hamidiye Etfal Training and Re-
search Hospital, with approval number 1506. Informed 
consent was also obtained from the parents of the children.

Patients were diagnosed with CP by a pediatric neurologist 
and were then evaluated by a physiatrist with 10 years of 
experience in CP. Two hundred patients were enrolled in 
this study. They were followed up for 2 years at 6-month in-
tervals. All patients were contacted for a follow-up appoint-
ment at week 1 post-injection to assess potential complica-
tions and at week 8 to evaluate the efficacy of BTX-A. Since 
this study focused only on long-term results, outcomes at 
the end of two years were compared with baseline values. 
We also investigated whether a favorable therapeutic out-
come was significantly influenced by any of the following 
clinical parameters: sex, age at the time of injection, type 
of paralysis (hemiplegic, diplegic, or tetraplegic), degree of 
functional impairment, improved GMFCS versus non-im-
proved GMFCS, and ambulatory status.

In our study, the inclusion criteria were a previous diag-
nosis of cerebral palsy by a pediatric neurologist, a degree 
of muscle spasticity between 1 and 3 according to the 
MAS (spasticity in the gastrocnemius, hamstrings, adduc-
tors, and tibialis posterior muscles), and availability of a 
post-treatment rehabilitation program. The indication for 
calf injection was a foot in equinus throughout the gait 
cycle (i.e., failure to dorsiflex beyond neutral). The criterion 
for injection of the hamstrings was excessive knee flexion 
throughout the gait cycle (i.e., not extending the knee to 
within 10° of neutral during stance). Scissoring gait was the 
criterion for injection of the hip adductors, and an invert-
ed ankle position during the gait cycle was the criterion for 
injection of the tibialis posterior muscle. Patients who had 
a history of BTX-A injection, rhizotomy, oral antispasticity 
medication use, orthopedic surgery, or intrathecal baclofen 
treatment; those who had treatment-resistant epileptic 
attacks or neurological diseases other than CP; and those 
with static lower extremity contractures or visual problems 
were excluded from this study.

Procedure
Onabotulinum toxin type A (Botox®, Allergan, AbbVie) was 
prepared by dissolving the toxin in normal saline to achieve 
a concentration of 50 U/mL. A dilution of 100 IU Botox® in 
2 mL of saline was used. Needle placement (26-gauge×23 
mm) within the muscle was confirmed by ultrasound be-
fore injection into any muscle. Procedures were performed 
using ultrasound with a linear probe with a frequency 
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bandwidth of 5-13 MHz (Esaote MyLab Five).

The dosages were adjusted by taking into account the ap-
parent muscle bulk and the weight of the patient. The op-
timal doses were 4 to 6 U/kg per muscle in the treated leg, 
and the total maximum dose did not exceed 12 U/kg.[18,19]

BTX-A injection was applied to selected muscles of the 
lower extremities (gastrocnemius, soleus, adductors, ham-
strings, and tibialis posterior muscles) according to the clin-
ical conditions of the patients, as described in the literature.
[19-21] Patients were evaluated for injection every 6 months. 
The number of BTX-A injections and the muscles to which 
they were administered were recorded. Then, each patient 
was prescribed a personalized integrated rehabilitation 
program and braces. The programs consisted of stretching 
exercises for the ankle plantar flexor and knee flexor mus-
cles, as well as passive range of motion (ROM) exercises for 
the ankle, knee, and hip joints to preserve joint ROM. They 
were applied for 30 min/day, 5 days/week. Patient compli-
ance with the exercise program was monitored via week-
ly telephone interviews, during which the patients were 
asked whether they had performed the prescribed exercis-
es. Between treatments, none of the patients received any 
additional antispasticity therapy.

Evaluation
Demographic data, including age at the time of first injec-
tion, gender, number of BTX-A treatment injections, and 
type of paralysis, were recorded. Paralysis type was clas-
sified as quadriplegic (impairment of the trunk and four 
limbs), diplegic (involvement of the lower extremities), or 
hemiplegic (only one side of the body affected). Routine 
clinical assessments were performed in the outpatient clin-
ic of the hospital every 6 months. However, this study fo-
cused on outcomes before treatment and at the end of two 
years. The measurement tools used were the Modified Ash-
worth Scale (MAS), the Gross Motor Function Classification 
System (GMFCS), and the Observational Gait Scale (OGS).

For the evaluation of spasticity, the Modified Ashworth 
Scale (MAS) was used. It evaluates the degree of spasticity 
and is scored from 0 (normal) to 4 (extreme resistance).[22]

The GMFCS describes the gross motor function of children 
with cerebral palsy based on self-initiated movement abil-
ities, such as sitting and walking. It consists of five levels, 
with level 1 indicating independent mobility and level 5 in-
dicating full dependency.[23] It is a valid and reliable instru-
ment for assessing the motor function of children in our 
country.[24]

The Observational Gait Scale (OGS) was used for gait as-
sessment. Boyd and Graham found this scale very useful 
for the analysis of typical gait viewed on split-screen video 

in slow motion. Many of its items are designed to visually 
quantify the relationship between ankle and knee position 
during stance.[25,26] It includes eight sections, with a maxi-
mum score of 22 for each leg indicating normal gait.

The ambulatory status of the patients was also recorded. 
Patients were classified as walking independently, walking 
with support, or unable to walk.

Statistical Analysis 
Data were analyzed using SPSS (version 21.0, IBM). Con-
tinuous variables are summarized as mean [standard 
deviation], and categorical variables are summarized as 
frequency (percentage). For categorical variables, the chi-
squared or Fisher’s exact test was used where appropriate. 
Continuous variables were analyzed using repeated-mea-
sures ANOVA. Outcomes for MAS, OGS, and GMFCS at the 
end of 2 years were compared with baseline values using 
the paired-samples t-test. Logistic regression was used to 
determine the factors associated with changes in GMFCS 
and OGS. Statistical significance was set at α=0.05, with 
95% confidence intervals (95% CI). Based on an effect size 
of d=2.7 and a two-tailed analysis with α=0.05, a study with 
power=0.80 would require a sample of between 53 and 79 
children to demonstrate an effect.

Results
Two hundred children with spastic CP who had received 
BTX-A injections to the lower extremities were included in 
this study. The mean age of the participants at the onset of 
treatment was 3.62±1.61 years. The demographic charac-
teristics of the study group are shown in Table 1.

One hundred and ten of the subjects (55%) walked in-
dependently (45 diplegic and 65 hemiplegic), 70 (35%) 
walked with support (50 diplegic and 20 tetraplegic), and 
20 (10%) did not walk (18 tetraplegic and 2 diplegic).

In total, 647 striated skeletal muscles were injected (347 
gastrocnemius, 10 soleus, 150 hamstring, 140 adductor, 
and 7 posterior tibialis muscles). Of the 200 patients, 50 
(25%) underwent a single treatment, 70 (35%) had two 
treatments, and 80 (40%) had three or four sessions of 
BTX-A treatment. The severity of spasticity in all muscle 
groups according to MAS improved after BTX-A treatment 
at the end of 2 years (p<0.01).

The level of motor function evaluated by GMFCS im-
proved after 2 years (p<0.01). Regarding the type of CP, 
the most significant improvement was observed in hemi-
plegia (p<0.01) and diplegia (p<0.01). No significant im-
provement was found in quadriplegia (p>0.05). Positive 
changes were also detected in the distribution of GMFCS 
levels after 2 years. The percentage changes in the num-
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ber of patients in the distribution of GMFCS are shown in 
Figure 1. Three percent of the patients at level IV and 44% 
of the patients at level III improved to GMFCS levels I and 
II after 2 years, whereas there was no change in patients 
with GMFCS level V.

Regarding OGS scores, statistically significant improvement 
was observed in the hemiplegia (p<0.01) and diplegia 
groups (p<0.01); however, no improvement was observed 
in the quadriplegia group (p=0.058). The changes in total 
OGS scores are shown in Table 2. When the rate of indepen-
dent ambulatory patients was examined, a statistically sig-
nificant increase was also found (p=0.012). The rate of inde-
pendent walkers was 55% before treatment and improved 
to 67% at the end of 2 years.

Regression analysis was performed to examine the fac-
tors associated with improvement in motor and gait 
scores. Some factors were found to be associated with 
improvement in motor scores. These included GMFCS 
scores at baseline (before injection), age of the patient at 
the first injection, hemiplegia, ability to walk at the end 
of 2 years, and total OGS scores at the first visit (before 
injection) (Table 3). Patients who improved their GMFCS 
level were significantly younger at the first BTX-A injec-
tion than those who did not improve. For every 1-year 
increase in age at first injection, children were 55% less 
likely to improve their GMFCS level (odds ratio: 0.45, 95% 
CI: 0.16-0.61, p<0.01) (Table 4). Patients who had walking 
ability (p<0.01) at the first visit were 0.38 times more likely, 
and patients with hemiplegia were 0.39 times more like-
ly (p<0.01), to improve their GMFCS level compared with 
those who did not (Table 4). In addition, high OGS scores 
at baseline increased the chance of improvement in GM-
FCS levels by 0.32 times (p<0.01) (Table 4).

When the factors influencing improvement in OGS scores 
were examined, some associations were also found. These 
included the number of injections, hemiplegia, and GMFCS 
level at the first visit (Table 5). Hemiplegic patients were 28 
times more likely to show improvement in OGS scores com-
pared with those with diplegia and quadriplegia (p<0.05). 
GMFCS level at the first visit decreased the chance of im-
provement in OGS scores by 0.33 times (p<0.01), and the 
number of BTX-A injections (>3) decreased the chance of 
improvement in OGS scores by 0.25 times (p<0.01).

Other factors, such as sex and the total number of muscles 
injected, were not significantly associated with improve-
ment in motor and gait scores. There was no significant re-
lationship between MAS and the clinical parameters.

Discussion
This prospective study aimed to identify clinical predictors 
of long-term functional outcomes following BTX-A injec-
tions in children with spastic CP. Determining which pa-
tients are most likely to benefit is essential for optimizing 
treatment planning and expectations.

To the best of our knowledge, the majority of clinical tri-
als have focused mostly on outcomes related to spasticity, 
range of motion, age, etc., over short-term periods, and 
knowledge of motor functional outcomes is limited. Thus, 
there is no consensus in the literature concerning which 
clinical characteristics in pre-application evaluations are 
predictive of positive functional outcomes, especially in the 
long term. Therefore, this study is valuable in documenting 
these children’s responsiveness to BTX-A treatment of the 
lower limbs in terms of functional motor skills and inde-

Table 1. The demographical variables of the study participants 
(n=200)

Characteristics Variables 
(Mean±SD / n (%) 

Age (years) 3.62±1.61

Gender
Male 
Female 

148 (74)
52 (26)

Type of CP
Hemiplegic 
Diplegic 
Quadriplegic 

58 (29) 
96 (48) 
46 (23)

Independent walkers rate (at the beginning) 110 (55)

GMFCS IV and V (Non-ambulatory children 
rate)(at the beginning) 46 (23)

GMFCS I, II, and III (ambulatory children rate)
(at the beginning) 154 (77)

SD: Standard deviation; n: number; CP: cerebral palsy; GMFCS: gross motor 
function classification scale

Figure 1. The percentage changes of number of patients in the 
distribution of the levels of gross motor function.
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pendence of mobility over the long term. The results of this 
study showed that, at the end of two years, BTX-A injection 
improved spasticity, motor function, and walking ability in 
children with spastic CP. Some factors might improve its ef-
ficacy. Many publications in the literature have shown sim-
ilar results.[10,16,19-21]

In contrast to the well-known efficacy of BTX-A in CP, few 
studies have attempted to identify parameters that may 
help clinicians select patients most likely to benefit from 
treatment in terms of improved functional outcomes. The 

results of these studies differ from one another. Fattal-Va-
levsky et al.[17] found low GMFCS level, severe spasticity, 
and walking with support to be predictive factors for better 
treatment outcomes. However, age, type of paralysis, and 
total injected dose were not found to be predictive param-
eters in their study.[17] In contrast, Fazzi et al.[18] identified 
factors that characterized patients most likely to achieve 
functional gains: young age, hemiplegia or diplegia, slight 
to moderate disability, and walking with support. They re-
ported that spasticity was not related to any of these pa-

Table 2. Changes in total scores of Observational Gait Scales

Observational Gait Scales Pre-treatment (mean±SD) Post-treatment (mean±SD) p

Hemiplegic type 27.88±6.45 34.24±5.67 <0.001 

Diplegic type 21.50±5.18 27.66±6.10 <0.001 

Quadriplegic type 17.09±5.22 19.45±7.46 0.058

Total group 22.44±6.54 27.84±7.84 <0.001 

SD: Standard deviation

Table 3. The association between the improvement of GMFCS and the clinical characteristics of the patients

Characteristics Post-treatment improved GMFCS  
(n=107)

Post-treatment non-improved GMFCS 
(n=93) p

Age at the 1st BTX-A injection 2.9±0.8 4.2±2.1 <0.001

Number of patients having hemiplegia 70 30 <0.001

Number of patients with the ability to 
independently walk before treatment 87 30 <0.001

OGS before treatment (mean±SD) 22.5±6.8 11.8±10.2 <0.001

SD: standard deviation; OGS: observational gait scale; GMFCS: gross motor function classification scale; BTX-A: Botulinum toxin A

Table 4. Logistic regression analysis for improvement in GMFCS

Characteristics OR (95 %CI lower bound-upper bound) p

Age at the 1st BTX-A injection 0.45 (0.16-0.61) <0.001

Patients having hemiplegia 0.38 (0.17-0.64) 0.001

Patients with the ability to independently walk before treatment 0.72 (0.10-0.92) <0.001

OGS before treatment 0.32 (0.17-0.84) 0.004

OR: Odds Ratio; OGS: observational gait scale; GMFCS: gross motor function classification scale; BTX-A: Botulinum toxin A

Table 5. Logistic regression analysis for improvement in observational gait scores

Characteristics OR (95 %CI lower bound-upper bound) p

The number of injections (>2) 0.25 (0.08-0.70) 0.013

Rate of hemiplegia 28 (1.21-662.7) 0.037

GMFCS before treatment 0.33 (0.14-0.79) 0.009

OR: Odds Ratio; OGS: observational gait scale; GMFCS: gross motor function classification scale; BTX-A: Botulinum toxin A
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rameters.[18] Similarly, in our study, young age, higher gross 
motor function measure scores, independent ambulatory 
status, and hemiplegic type CP were predictive of a favor-
able response to BTX-A treatment.

However, most of these studies focused only on outcomes 
at 3-6 months, which reflect the results of a single injec-
tion.[13,14,16-18] Most studies investigating clinical therapies 
are designed in this way, but long-term follow-up is more 
relevant to CP, especially in terms of BTX-A treatment. It re-
quires long-term, repeated, multi-muscle BTX-A injections.
[27-29] Our study differs from these studies in terms of reveal-
ing predictive factors in the long term (2 years) and is more 
applicable to the clinical practice of CP. In addition, it also 
differs by showing that repeated injections of BTX-A were 
an important factor in predicting a favorable outcome.

It has been reported that consistent and regular injections 
of BTX-A are important factors associated with functional 
improvement. In the present study, regular BTX-A injec-
tions (more than two injections) increased the chance of 
improvement in gait scores by 0.25 times (p=0.013). It has 
been suggested that consistently scheduled regular injec-
tions might be beneficial in children with CP.[27,30,31] In con-
trast, findings in the literature showed that patients who 
underwent fewer than two injections had better gait scores 
after 3-6 months of follow-up. However, this study presents 
the results of long-term follow-up. The inherent growth of 
children might play a role in this situation during the 2-year 
period. Growth-related muscle–bone imbalance may con-
tribute to secondary contractures in children with CP. Reg-
ular BTX-A injections may help mitigate these secondary 
changes, which could partially explain the sustained im-
provement observed in gait scores.[30,31] Supportingly, reg-
ular injections of BTX-A were more likely to prevent these 
secondary non-neural muscular contractures; thus, they 
might result in improvement in gait scores.

At initial intervention, younger age is an important factor 
for better outcomes, and this is consistent with many pub-
lications.[30,32,33] In our study, patients who improved their 
GMFCS level were significantly younger at the first BTX-A 
injection than those who did not improve. Children older 
than 4 years and 2 months, in association with other pre-
dictive variables, were among the less responsive patients 
in terms of both gains in mobility skills and gains in inde-
pendence of mobility after BTX-A application. For every 
1-year increase in age at first injection, children were 55% 
less likely to improve their GMFCS level. This finding seems 
to support the idea that the motor pattern of very young 
children, which is still plastic and modifiable, offers greater 
functional recovery; a younger child has greater motor po-
tential than an older child owing to the increased plasticity 

of the central nervous system. In addition, it is known that 
improvement in motor function reaches a plateau at about 
the age of 7 years.[30,34] Therefore, treatment before the age 
of 7 years, which is the period of dynamic motor develop-
ment, has the greatest chance of preventing secondary 
complications of spasticity, such as contractures.[30,31,35] The 
results of the present study showed the importance of ear-
ly intervention; the older the age at first injection, the less 
likely the improvement in GMFCS levels.

Another parameter identified in our study was the type of 
paralysis. Children with hemiplegia were found to benefit 
the most from treatment, showing significant improve-
ments in GMFCS and OGS scores. Hemiplegic children 
were 0.38 times more likely to show improvement in motor 
scores and 28 times more likely to show improvement in 
gait scores compared with others. It has been reported that 
the type of CP, which reflects the severity of neuromotor 
functional impairment, also emerged as a significant fac-
tor.[18,36,37] This does not mean that more severely affected, 
nonwalking, or tetraplegic patients will not benefit from 
treatment; indeed, statistically significant improvements in 
spasticity and range of motion were detected in this study. 
Subjects with less severe impairment of neuromotor func-
tions showed greater improvement compared with those 
who were severely impaired.

The ambulatory status of the patients before treatment was 
found to be a predictive factor for treatment efficacy. The 
rate of independent walkers increased from 55% to 62% 
after 2 years of treatment. One of the most common indi-
cations for BTX-A in ambulatory children with spastic CP is 
the need to improve gait patterns.[38,39] Fazzi et al. [18] showed 
that patients who could walk with support had a signifi-
cantly greater increase in GMFM scores than non-walkers. 

In addition, this study provides a more detailed evaluation 
of predictive factors, focusing on observational gait analy-
sis scores and gross motor outcomes of BTX-A. According 
to the results of logistic regression analysis, independent 
walking is a crucial factor for improvement in motor func-
tion. Independent walking increased the chance of im-
provement in motor function level by 0.32 times, and high 
gait scores increased it by 0.72 times.

There is only one study in the literature evaluating the long-
term effect of repeated injections on gross motor function, 
apart from gait quality. Fattal-Valevski et al. [17] reported that 
the effect of BTX-A injections on muscle tone disappeared 
within 3-4 months; however, BTX-A treatment had a long-
term effect on motor function. They showed that motor 
function, as measured by GMFM scores, did not return to its 
original level and that some improvement persisted for at 
least 19 months.[17] This finding is also similar to our study, in 
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which 47% of patients at GMFCS levels III and IV improved 
to higher levels (GMFCS I-II) at the end of two years. Thus, 
the number of injections did not affect this improvement. 
This is consistent with findings in the literature, indicating 
that, regardless of the number of injections, the resulting 
motor functional gain is maintained over two years.

The main limitation of our study is the relatively small num-
ber of patients. Future studies with larger groups are need-
ed. Second, the number of repeated BTX-A injections was 
determined according to clinical need rather than random 
allocation. Consequently, it is not possible to draw causal 
conclusions regarding the superiority of repeated injec-
tions. The association observed between injection frequen-
cy and functional improvement should be interpreted with 
caution. Third, short-term peak efficacy was not assessed at 
week 4; instead, evaluation was performed at week 8 to re-
flect the functional integration of spasticity reduction and 
rehabilitation effects. Therefore, the study does not provide 
data regarding the isolated peak pharmacodynamic re-
sponse.

Conclusion
In conclusion, the present study defined several objective 
parameters, including age, ambulatory status, type of CP, 
and motor and gait scores, that are predictive of favor-
able treatment outcomes when botulinum toxin-A is ad-
ministered to selected children with cerebral palsy. These 
data might be helpful in therapeutic decision-making for 
patient selection and in providing guidance on treatment 
outcomes for children with cerebral palsy.
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