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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.
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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.” ™ In many communities, the prevalence
of CP is reported as 2 to 3 per 1000 births.?* Spastic cere-
bral palsy is the most common type, accounting for 80% of
children with CP!

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.” It is important to prevent these prob-
lems through an appropriate treatment program, especial-
ly one focusing on spasticity.® Botulinum toxin-A (BTX-A)
injections are widely used to control lower limb spasticity
in children with spastic CP%? 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.”
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.""' However, some studies have reported that
improvements in gait function are not always achieved and
are small in magnitude and short-lived." 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.!'¢'%

Since CP is a condition that requires monitoring through-
outa 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 Sisli 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-gaugex23
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.!"8!

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.
119211 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).’??

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.®! It is a valid and reliable instru-
ment for assessing the motor function of children in our
country.’?4

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.”®?9 |t 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 a=0.05, with
95% confidence intervals (95% Cl). Based on an effect size
of d=2.7 and a two-tailed analysis with 0=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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Table 1. The demographical variables of the study participants
(n=200)

. Variables
Characteristics (MeanSD / n (%)
Age (years) 3.62+1.61
Gender

Male 148 (74)
Female 52 (26)
Type of CP
Hemiplegic 58(29)
Diplegic 96 (48)
Quadriplegic 46 (23)
Independent walkers rate (at the beginning) 110 (55)
GMFCS IV and V (Non-ambulatory children 46 (23)
rate)(at the beginning)
GMFCS |, 1I, and Il (ambulatory children rate) 154 (77)

(at the beginning)

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

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 lll improved to GMFCS levels | and
Il after 2 years, whereas there was no change in patients
with GMFCS level V.

Regarding OGS scores, statistically significantimprovement
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.

20
15
10
: I i
o

GMFCS5 1 GMFCS 2 GMFCS 3 GMFCS5 4 GMFCS 5

M Before treatment M After treatment B

Figure 1. The percentage changes of number of patients in the
distribution of the levels of gross motor function.

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%
Cl: 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-
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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

Post-treatment improved GMFCS

Post-treatment non-improved GMFCS

Characteristics (n=107) (n=93) p
Age at the 15 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 %Cl lower bound-upper bound) P

Age at the 15 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

The number of injections (>2)
Rate of hemiplegia
GMFCS before treatment

OR (95 %Cl lower bound-upper bound) P
0.25 (0.08-0.70) 0.013
28(1.21-662.7) 0.037
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

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.io16.19-211

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.l'” 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."”! In contrast, Fazzi et al."® 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-
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rameters.'® 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.'3416181 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.
127291 Qur 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 CP273031 |n 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.*%3" 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.**32331 |n 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.2*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.2°335 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.l'#36371 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.®®*3% Fazzi et al.""® 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.

Thereis 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.''” 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.'"” This finding is also similar to our study, in
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which 47% of patients at GMFCS levels lll and IV improved
to higher levels (GMFCS I-1l) 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.

Disclosures

Ethics Committee Approval: This study was approved by The
Ethics Committee of the University of Health Sciences, Sisli Ha-
midiye Etfal Training and Research Hospital for the study, dated
05/05/2020 and numbered 1506.

Informed Consent: Written informed consents were obtained
from patients who participated in this study.

Conflict of Interest: The author declare that there is no conflict
of interest.

Use of Al for Writing Assistance: No artificial intelligence (Al)-as-
sisted technologies, including large language models (LLMs),
chatbots, or image generators such as ChatGPT, were used in the
design, data collection, analysis, or writing of this study.
Financial Disclosure: The authors declared that this study re-
ceived no financial support.

Authorship Contributions: Concept - BK,, J.A,; Design - BK; Super-
vision - BK,; Materials — A.A,, S.C.; Data collection &/or processing —
AA, S.C, JA, M.T; Analysis and/or interpretation — A.A, i.K. ; Litera-
ture search — A.A,; Writing - A.A., J.A,; Critical review — A.A,, BK,, KA.

Peer-review: Externally peer-reviewed.

References

1. Rang M, Douglas G, Bennet GC, Koreska J. Seating for children
with cerebral palsy. J Pediatr Orthop 1981;1:279-87. [CrossRef]

2. Surman G, Bonellie S, Chalmers J, Colver A, Dolk H, Hemming K, et
al. UKCP: a collaborative network of cerebral palsy registers in the
United Kingdom. J Public Health (Oxf) 2006;28:148-56. [CrossRef]

3. Vitrikas K, Dalton H, Breish D. Cerebral Palsy: An Overview. Am
Fam Physician 2020;101:213-20.

4. Vitale MG, Roye EA, Choe JC, Hyman JE, Lee FY, Roye DP Jr. Assess-
ment of health status in patients with cerebral palsy: what is the
role of quality-of-life measures? J Pediatr Orthop 2005;25:792-7.
[CrossRef]

5. Chin EM, Gwynn HE, Robinson S, Hoon AH Jr. Principles of
Medical and Surgical Treatment of Cerebral Palsy. Neurol Clin
2020;38:397-416. [CrossRef]

6. Novakl, Morgan C, Fahey M, Finch-Edmondson M, Galea C, Hines
A, et al. State of the Evidence Traffic Lights 2019: Systematic Re-
view of Interventions for Preventing and Treating Children with
Cerebral Palsy. Curr Neurol Neurosci Rep 2020;20:3. [CrossRef]

7. Lukban MB, Rosales RL, Dressler D. Effectiveness of botulinum
toxin A for upper and lower limb spasticity in children with ce-
rebral palsy: a summary of evidence. J Neural Transm (Vienna)
2009;116:319-31. [CrossRef]

8. Lannin N, Scheinberg A, Clark K. AACPDM systematic review
of the effectiveness of therapy for children with cerebral pal-
sy after botulinum toxin A injections. Dev Med Child Neurol
2006;48:533-9. [CrossRef]

9. Koman LA, Mooney JF 3rd, Smith BP, Walker F, Leon JM. Botuli-
num toxin type A neuromuscular blockade in the treatment of
lower extremity spasticity in cerebral palsy: a randomized, dou-
ble-blind, placebo-controlled trial. BOTOX Study Group. J Pediatr
Orthop 2000;20:108-15. [CrossRef]

10. Blumetti FC, Belloti JC, Tamaoki MJ, Pinto JA. Botulinum toxin
type A in the treatment of lower limb spasticity in children with
cerebral palsy. Cochrane Database Syst Rev 2019;10:CD001408.
[CrossRef]

11. Dursun N, Akyuz M, Gokbel T, Akarsu M, Yilmaz E, Karacan C, et
al. Long-Term Improvement on GMFCS Level of Patients with Ce-
rebral Palsy Treated by an Integrated Approach of Repeated Bot-
ulinum Toxin Type-A Injections. Toxicon 2018;156:527. [CrossRef]

12. Mirska A, Kutak W, Okurowska-Zawada B, Dmitruk E. Effective-
ness of multiple botulinum toxin sessions and the duration of
effects in spasticity therapy in children with cerebral palsy. Childs
Nerv Syst 2019;35:141-7. [CrossRef]

13. Molenaers G, Van Campenhout A, Fagard K, De Cat J, Desloovere
K. The use of botulinum toxin A in children with cerebral palsy,
with a focus on the lower limb. J Child Orthop 2010;4:183-95.
[CrossRef]

14. Hareb F, Bertoncelli CM, Rosello O, Rampal V, Solla F. Botulinum
Toxin in Children with Cerebral Palsy: An Update. Neuropediat-
rics 2020;51:1-5. [CrossRef]



Oncii Alptekin et al. Botulinum Toxin Efficacy in Cerebral Palsy / doi: 10.14744/SEMB.2026.58815

207

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Multani |, Manji J, Hastings-Ison T, Khot A, Graham K. Botulinum
Toxin in the Management of Children with Cerebral Palsy. Paedi-
atr Drugs 2019;21:261-81. [CrossRef]

Hong BY, Chang HJ, Lee SJ, Lee S, Park JH, Kwon JY. Efficacy of
Repeated Botulinum Toxin Type A Injections for Spastic Equinus
in Children with Cerebral Palsy-A Secondary Analysis of the Ran-
domized Clinical Trial. Toxins (Basel) 2017;9(8):253. [CrossRef]
Fattal-Valevski A, Giladi N, Domanievitz D, Zuk L, Masterman R,
Harel S, et al. Parameters for predicting favorable responses to
botulinum toxin in children with cerebral palsy. J Child Neurol
2002;17:272-7. [CrossRef]

Fazzi E, Maraucci |, Torrielli S, Motta F, Lanzi G. Factors predicting
the efficacy of botulinum toxin-A treatment of the lower limb in
children with cerebral palsy. J Child Neurol 2005;20:661-6. [CrossRef]
Bertan H, Oncu J, Vanli E, Alptekin K, Sahillioglu A, Kuran B, et al.
Use of Shear Wave Elastography for Quantitative Assessment of
Muscle Stiffness After Botulinum Toxin Injection in Children With
Cerebral Palsy. J Ultrasound Med 2020;39:2327-37. [CrossRef]
Choi JY, Jung S, Rha DW, Park ES. Botulinum Toxin Type A Injec-
tion for Spastic Equinovarus Foot in Children with Spastic Cere-
bral Palsy: Effects on Gait and Foot Pressure Distribution. Yonsei
Med J 2016;57:496-504. [CrossRef]

Kwon JY, Hwang JH, Kim JS. Botulinum toxin a injection into
calf muscles for treatment of spastic equinus in cerebral palsy:
a controlled trial comparing sonography and electric stimula-
tion-guided injection techniques: a preliminary report. Am J
Phys Med Rehabil 2010;89:279-86. [CrossRef]

Bohannon RW, Smith MB. Interrater reliability of a modified Ash-
worth scale of muscle spasticity. Phys Ther 1987;67:206-7. [CrossRef]
El O, Baydar M, Berk H, Peker O, Kosay C, Demiral Y. Interobserv-
er reliability of the Turkish version of the expanded and revised
gross motor function classification system. Disabil Rehabil
2012;34:1030-3. [CrossRef]

Gunel MK, Mutlu A, Tarsuslu T, Livanelioglu A. Relationship
among the Manual Ability Classification System (MACS), the
Gross Motor Function Classification System (GMFCS), and the
functional status (WeeFIM) in children with spastic cerebral pal-
sy. Eur J Pediatr 2009;168:477-85. [CrossRef]

Boyd R, Graham K. Objective measurement of clinical findings in
the use of botulinum toxin type A for the management of chil-
dren with CP. European Journal of Neurology 2007;6:523-5s35.
[CrossRef]

Russell DJ, Rosenbaum PL, Cadman DT, Gowland C, Hardy S, Jar-
vis S.The gross motor function measure: a means to evaluate the
effects of physical therapy. Dev Med Child Neurol 1989;31:341-
52. [CrossRef]

Molenaers G, Schorkhuber V, Fagard K, Van Campenhout A, De
Cat J, Pauwels P, et al. Long-term use of botulinum toxin type A

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

in children with cerebral palsy: treatment consistency. Eur J Pae-
diatr Neurol 2009;13:421-9. [CrossRef]

PavoneV, Testa G, Restivo DA, Cannavo L, Condorelli G, Portinaro
NM, et al. Botulinum Toxin Treatment for Limb Spasticity in Child-
hood Cerebral Palsy. Front Pharmacol 2016;7:29. [CrossRef]
Naumann M, Albanese A, Heinen F, Molenaers G, Relja M. Safety
and efficacy of botulinum toxin type A following long-term use.
Eur J Neurol 2006;13(Suppl 4):35-40. [CrossRef]

Ploypetch T, Kwon JY, Armstrong HF, Ayala AC, Kim H. Gross Mo-
tor Function Improvement in Children with Cerebral Palsy: A
Case Series of Single-Event Multi-Level Chemoneurolysis Using
Botulinum Toxin-A and/or Phenol Injections. International Jour-
nal of Physiatry 2015;1. [CrossRef]

Palisano RJ, Cameron D, Rosenbaum PL, Walter SD, Russell D. Sta-
bility of the gross motor function classification system. Dev Med
Child Neurol 2006;48:424-8. [CrossRef]

Bakheit AM, Severa S, Cosgrove A, Morton R, Roussounis SH, Do-
derlein L, et al. Safety profile and efficacy of botulinum toxin A
(Dysport) in children with muscle spasticity. Dev Med Child Neu-
rol 2001;43:234-8. [CrossRef]

Yap R, Majnemer A, Benaroch T, Cantin MA. Determinants of
responsiveness to botulinum toxin, casting, and bracing in the
treatment of spastic equinus in children with cerebral palsy. Dev
Med Child Neurol 2010;52:186-93. [CrossRef]

Rosenbaum PL, Walter SD, Hanna SE, Palisano RJ, Russell DJ, Raina
P, et al. Prognosis for gross motor function in cerebral palsy: cre-
ation of motor development curves. JAMA 2002;288:1357-63.
[CrossRef]

Graham HK, Aoki KR, Autti-Ramo |, Boyd RN, Delgado MR, Gae-
bler-Spira DJ, et al. Recommendations for the use of botulinum
toxin type A in the management of cerebral palsy. Gait Posture
2000;11:67-79. [CrossRef]

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E, Galuppi B.
Development and reliability of a system to classify gross motor
function in children with cerebral palsy. Dev Med Child Neurol
1997;39:214-23. [CrossRef]

Galli M, Crivellini M, Santambrogio GC, Fazzi E, Motta F. Short-
term effects of “botulinum toxin a” as treatment for children with
cerebral palsy: kinematic and kinetic aspects at the ankle joint.
Funct Neurol 2001;16:317-23.

Strobl W, Theologis T, Brunner R, Kocer S, Viehweger E, Pas-
cual-Pascuall, et al. Best clinical practice in botulinum toxin treat-
ment for children with cerebral palsy. Toxins (Basel) 2015;7:1629-
48, [CrossRef]

Moeini-Naghani |, Hashemi-Zonouz T, Jabbari B. Botulinum Tox-
in Treatment of Spasticity in Adults and Children. Semin Neurol
2016;36:64-72. [CrossRef]



