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ABS TRACT Objective: To assess clinical and radiological effectiveness 
of botulinum neurotoxin-A (BoNT-A) injection in children with cerebral 
palsy (CP) with spasticity in the hip adductor muscles. CP is a nonpro-
gressive central nervous system disease that occurs in the intrauterine or 
early infantile period that leads to posture or motor dysfunction and activ-
ity and movement-limitation. Material and Methods: This study was de-
signed as a retrospective. Patients who received BoNT-A injections 
consecutively during one year due to spasticity in bilateral hip adductor 
muscles were identified. For clinical evaluation, distance between the 
knees, Modified Ashworth Scale (MAS), and Gross Motor Function Clas-
sification System (GMFCS) scores were recorded from the patient files. 
Radiological evaluation was performed by measuring acetabular index (AI) 
and collo-diaphyseal angle (CDA) in the A/P pelvis radiographs available 
in the patient registry system. Results: The mean age of 20 patients 
(boys:12, girls:8) included in the study was 84.8±20.9 months (minimum-
maximum: 48-120 months). Seven patients had diplegic, 7 patients 
quadriplegic and 6 patients mixed type involvement. The MAS and 
GMFCS scores of the patients were found to be decreased significantly at 
the third and twelfth month after the first injection compared to pre-treat-
ment (right p:0.007, left p:0.005 and p:0.002, respectively). Similarly, the 
distance between knees had increased statistically at the third and twelfth 
month (p<0.001). However, in the radiological evaluation, AI and CDA 
measurements were not statistically different after 3 months and 12 months 
compared to pre-treatment (p>0.05). Conclusion: This study demonstrated 
that sequential BoNT-A injections may provide clinical improvement and 
prevent radiological progression of the hip in children with CP with bilat-
eral hip adductor spasticity. 
 
Keywords: Cerebral palsy; hip adductor muscle; spasticity; 
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ÖZET Amaç: Kalça adduktor kas spastisitesi olan serebral palsili (SP) 
çocuklarda botulinum toksin-A’nın klinik ve radyolojik etkinliğini araş-
tırmak. SP intrauterin ya da erken infantil dönemde meydana gelen hare-
ket ve postür bozukluğuna yol açan santral sinir sisteminin 
nonprogressive bir hastalığıdır. Gereç ve Yöntemler: Çalışma retros-
pektif olarak dizayn edildi. Kalça adduktor kas spastisitesi olması sebebi 
ile 1 yıl süresince düzenli BoNT-A enjeksiyonu uygulanan hastalar be-
lirlendi. Klinik değerlendirme için, dizler arası mesafe, modifiye Asworth 
Skalası (MAS) ve Kaba Motor Fonksiyon Sınıflandırma Sistemi 
(KMFSS) hasta dosyalarından kaydedildi. Radyolojik değerlendirme has-
tane kayıt sisteminde bulunan anterior-posterior pelvis radyografisinde 
asetabular indeks (AI) ve kollo-diafizer açı (KDA) ölçümü yapılarak be-
lirlendi. Bulgular: Çalışmaya dâhil edilen 20 hastanın ortalama yaşları 
(erkek: 12, kız: 8) 84,8±20,9 aydı (minimum-maksimum: 48-120 ay). 
Yedi hasta diplejik, 7 hasta kuadriplejik ve 6 hasta mix tip SP’idi. Has-
taların MAS ve KMFSS skorları ilk enjeksiyondan sonraki 3. ve 12. ayda 
büyük ölçüde azaldı (sağ p:0,007 sol p:0,005 ve p:0,002 idi). Benzer şe-
kilde, 3. ve 12. ayda dizler arası mesafe de giderek arttı (p<0,001). Ancak 
radyolojik değerlendirmede AI ve KDA’da anlamlı düzelme görülmedi 
(p>0,05). Sonuç: Bu çalışmada, kalça adduktor kas spastisitesi olan SP’li 
çocuklarda seri BoNT-A enjeksiyonunun klinik bir düzelme sağladığı ve 
radyolojik olarak ise progressif kalça dislokasyonunu önlediği gösteril-
miştir. 
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Cerebral palsy (CP) is a permanent but not pro-
gressive central nervous system (CNS) disease that 
occurs in the intrauterine period or in the early infan-
tile period that leads to posture-motor dysfunction 
and also leads to activity and movement-limitation.1 
While the prevalence of CP in developed societies is 
2-2.5 per 1,000 live births; it is 4.4 per 1,000 live 
births in our country.2,3 

In children with CP, hip dislocation is the sec-
ond most common condition after pes equinovarus 
deformity of the feet.4 While its frequency was 6% in 
the ambulatory group; it increases to 60% in the non-
ambulatory group.5,6 Hip dislocation develops due to 
spasticity and contraction especially in adductor and 
flexor muscles. The score that evaluates the motor 
function and mobility used in CP patients is the Gross 
Motor Function Classification System (GMFCS) and 
the risk of hip dislocation increases with increasing 
GMFCS score in patients. Especially the patients who 
have GMFCS level 4 or 5 cannot sit or walk inde-
pendently and they need help even in their daily ac-
tivities.5,7,8 

Although CP is a neurologically non-progressive 
disease, it is a progressive disease for the muscu-
loskeletal system. Over time, contractures, bone tor-
sional deformities and joint instability problems 
occur in muscle-tendon units. CP patients don’t have 
any complaints at the beginning (lateral hip displace-
ment) until the hip dislocation and pain are settled.9 

With the dislocation of the hip, the angle be-
tween the femoral shaft and the femoral neck in-
creases anatomically with femoral anteversion 
(collo-diaphyseal angle). This has been shown to be 
directly related to the GMFCS score.10 In the previous 
studies, it was stated that progressive restriction in 
abduction and flexion deformity are among the early 
indicators of hip instability.11 

The treatment of spasticity in CP patients in-
cludes physical therapy (PT) and rehabilitation ap-
plications, usage of orthoses, drug treatments, 
botulinum neurotoxin-A (BoNT-A) injections and 
surgical methods.12 Among the treatments in focal 
spasticity, BoNT-A injection is aimed to reduce the 
muscle spasticity. It has been shown that it has cor-
rected walking dysfunction in the ambulatory group 

whereas in the non-ambulatory group (GMFCS 4-5), 
it has relieved muscle pain, reduced joint subluxa-
tions, increased compliance with PT, enabled inde-
pendent sitting and provided convenience in daily 
care for the caregiver.8,13,14 In children with CP, spas-
ticity at the hip adductor muscles causes difficulty in 
sitting, impaired walking, pain, problems with per-
ineal hygiene, even progressive hip subluxation and 
dislocation.15 

A number of studies have demonstrated that in-
jections of BoNT-A are effective in reducing spas-
ticity and improving function in children with CP. 
The aim of this retrospective study was to assess the 
clinical and radiological effectiveness of consecutive 
BoNT-A injections in one-year period for the hip ad-
ductor spasticity in children with CP. 

 MATERIAL AND METHODS 

This study was designed as retrospective. The files 
of patients who were followed up with a diagnosis of 
CP between the years 2010-2019 in the Child Neu-
rology and Physical Medicine and Rehabilitation out-
patient clinics of Mersin University Hospital were 
scanned. The patients who received consecutive 
BoNT-A injections during one year due to spasticity 
in the bilateral hip adductor muscles were detected. 
Among these, the patients whose sequential clinical 
and radiological evaluations were available in their 
files were included in the study. All patients had been 
evaluated before treatment, from the first injection 3 
months and 12 months later. During a 1-year period, 
those who were changed antispasticity drug or dose; 
those with a previous hip dislocation or hip operation 
or selective dorsal rhizotomy history were excluded 
in the study. 

Along with demographic data, for clinical eval-
uation distance between the knees, Modified Ash-
worth Scale (MAS), and GMFCS scores were 
recorded from the patient files. Radiological evalua-
tion was performed by measuring acetabular index 
(AI) and collo-diaphyseal angle (CDA) in the A/P 
pelvis radiographs available in the patient registry 
system (Figure 1). MAS and knee-distance test were 
used for spasticity evaluation of the hip adductor 
muscles. MAS rate evaluated as; 0: no tonus increase, 
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1: resistance at the end of the range of motion, +1: re-
sistance over less than half of the range of motion, 2: 
muscle tone increased over the entire range of joint, 
but can be moved, 3: obvious tonus increase that 
complicates passive movement, 4: rigidity in flexion 
and extension. Knee-distance test measures the dis-
tance between the medial femoral condyles during 
maximal abduction. The test was performed with 
both slow and fast passive abduction movement of 
the limbs. The test is used for evaluating the joint 
clearance in the fast and slow phase of flexion and 

extension. If hip adductor spasticity is present, there 
will be a large difference in the range of motion be-
tween slow and fast movement.  

Among the radiological examinations, the AI; 
shows the angle between the Hilgenreiner’s line and 
the acetabular roof. Normal AI is 30° at the first year 
of life, 25° at age 1-5 years, and 20° at older ages. 
Until thirty months old, AI is generally normal in CP 
patients. After that, it gradually increases. CDA is the 
angle between the neck and body of the femur.16 
While the GMFCS score increases in patients with 
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FIGURE 1: The inclusion and exclusion criteria of the patients.

A total of 600 patient’s files 
werw scanned.

250 patients were quadriplegic and 
diplegic cerebral palsy.

100 patients had hip adductor  
spasticity and no surgery 

 before or after BoNT-A

BoNT-A had been applied to 50 
patients twice or 3 times in the 

 1 year period.

Hip graps of 20 patients were taken 
digitally and in the appropriate 

 position  and the file data 
 were complate.

150 patients did not have hip  
adductor spasticity or had surgery 

before or after BoNT-A.

350 patients werw excluded wıth no  
spastic cerebral palsy, (CP plus syn-
dromes, hereditary spactic cerebral 

palsy (HSPP) or monoplegic and 
hemiplegic cerebral palsy.



CP, the CDA score also increases as well. In our 
study, while measuring these angles, the patients 
were given the correct position (where the anterior or 
posterior posture of the pelvis was appropriate), and 
the measurement points on the computer were cor-
rectly determined by fixing them on the A/P pelvis 
radiograph and measured with the appropriate tech-
nique. Numerical values were obtained for each pa-
tient (Figure 2).  

Ethics committee approval was obtained from 
Mersin University Ethics Committee for the study 
with the decision dated 24/07/2019 and numbered 
2019/317. The study was performed in accordance 
with Helsinki Declaration. 

StatIStIcal MethodS 

Statistical analyses were performed using the Statis-
tica 13.3.1 software. The Shapiro-Wilk test was per-
formed to test the suitability of normal distribution. 
Comparisons for continuous variables were made by 
the Mann-Whitney test or Independent sample t-test 
according to normality assumption. Continuous data 
were summarized as mean [standard deviation] or 
median (percentiles) in dependent to distribution as-
sumption. Categorical data were expressed as count 
and percentage. In order to examine the temporal dif-
ference between more than two dependent measure-
ments, variance analysis was used when the 
distribution condition was met, and the Friedman test 
was used if not. A p value of <0.05 was considered to 
be significant. 

 RESULTS  

The average age of 20 patients (boys: 12, girls: 8) in-
cluded in the study was 84.8±20.9 months (mini-
mum-maximum: 48-120 months). Seven patients 
(35%) were spastic diplegic, 7 patients (35%) were 
spastic quadriplegic, 6 patients (30%) were mixed-
type CP. All patients have received a PT program of 
90-120 sessions (3-5 sessions/week, 45-60 minutes) 
for 1 year (Table 1). 

BoNT-A injections had been applied twice to 9 
patients and 3 times to 11 patients in the 1-year pe-
riod. In 9 patients, the second injection has been per-
formed from the first injection an average of 6,5 
months later (minimum-maximum: 4-9 months), in 

11 patients, the second injection a mean 4,9 months 
later (minimum-maximum: 4-7 months) and the third 
injection a mean 10,2 months later (minimum-maxi-
mum: 8-11 months) has been performed. All appli-
cations have been made under anesthesia and 
electrical stimulation. Abobotulinum toxin A (10-15 
U/kg/ muscle) has been administered to 3 patients, 
Onabotulinum toxin A (3-4 U/kg/muscle) to 16 pa-
tients, and both drugs to 1 patient. 

It was determined that the MAS scores of the 
patients decreased statistically significantly at the 
third and twelfth months after the first injection 
compared to pre-treatment (right p:0.007, left 
p:0.005). Similarly, the distance between the knees 
in both flexion and extension had increased signifi-
cantly at the third and twelfth months after the first 
injection (p<0.001) (Table 2). The GMFCS scores 
were found to be significantly decreased at the third 
and twelfth months compared to pre-treatment 
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FIGURE 2: Acetabular index and collo-diaphyseal angle measurement methods.

Minimum-maximum/ 
Mean/number (n) percent (%) 

Age (months) 84 48-120 
Gender  
Girl 8 40 
Male 1 60 
CP type 
Diplegic 7 35 
Quadriplegic 7 35 
Mix type (Spastic+dyskinetic) 6 30 
Treatment 
BoNT-A + PT 7 35 
BoNT-A + PT + Orthosis 13 65

TABLE 1:  Clinical and demographic data of patients.

BoNT-A: Botulinum toxin-A; PT: Physical theraphy; CP: Cerebral palsy.



(p:0.002). However, in the radiological evaluation, 
AI and CDA measurements were not statistically 
significantly different at the third and twelfth 
months after the first injection compared to pre-
treatment (p>0.05), (Table 3). But, a patient who re-
ceived BoNT-A injections 3 times at 4 months 
interval, then underwent hip surgery.  

 DISCUSSION 

Hip adductor muscle spasticity is the most important 
treatable biomechanical for hip subluxation or dislo-
cation in CP patients. In a healthy individual, the hip 
muscle strength direction is medial-superior to the ac-
etabulum, but in patients with adductor muscle spas-
ticity, this direction is displaced in the lateral-superior 
direction, and therefore the femoral head cannot be 
covered completely.17,18 

In our study, we found that there were signifi-
cant changes in the clinical evaluations including be-
tween knees distance, MAS, and GMFCS scores 
compared to pre-treatment. While BoNT-A injection 
increases ambulation especially in the group of 
GMFCS level of 1-2-3, in the group of GMFCS level 
4-5, it mostly helps to relieve pain, fit the sitting func-
tion, adapt to PT or orthosis and care of the patient 

(attachment of the diaper, perineal hygiene). Santos et 
al. showed that the life standards of CP patients who 
received BoNT-A injection increased more.19 In our 
study, we found that the scores of GMFCS and MAS 
at the third and twelfth months after the injection 
compared with those of before BoNT-A injection 
were significantly improved. Other studies have 
shown that BoNT-A injection significantly improved 
MAS and GMFCS values in CP patients.20-22 In addi-
tion to significant improvement in hip adductor spas-
ticity, unlike previous studies, we found significant 
improvements in measurements of the distance be-
tween the knees after the treatment compared to be-
fore treatment both knee flexion and extension, and, 
both quickly and slowly. 

Mirska et al. showed that BoNT-A therapy is ef-
fective for three months and its effectiveness doesn’t 
dependent to the number of sessions, depends on the 
age and type of spasticity of patients.23 Similarly, in 
our study we evaluated all our patients at the end of 
the third months then if there is need, BoNT-A ther-
aphy was applicated. Alexander et al. reported that 
BoNT-A injection had an atrophic effect on muscle 
mass since the first application.24 We did not en-
counter such a side effect in our patients, because we 
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After first injection 3rd months  
Pre-treatment Mean±SD Mean±SD 12th months Mean±SD p value 

MAS 
Right 2.05±0.62 1.42±0.83 1.68±0.82 0.007 
Left 2.15±0.67 1.55±0.82 1.70±0.92 0.005 
Knee distance test (cm) 
Flexion 
    Slow 35.85±8.70 39.35±10.45 43.10±10.36 <0.001 
    Fast 34.35±9.29 37.45±8.91 40.25±9.46 <0.001 
Extension  
    Slow 30.25±6.35 31.45±8.325 35.55±9.77 0.03 
    Fast 28.40±7.33 29.80±8.75  33.20±11.15 0.06 
GMFCS (n/%) - (n/%) (n/%)  
    Level 2 1/ 5  
    Level 3 7 / 35 13/65 12/ 60 0.002 
    Level 4 10 / 50 5/25 6/30  
    Level 5 3 / 15 2/10 1/ 5

TABLE 2:  Clinical data of the patients at the pre-treatment and after treatment. 

SD: Standard deviation; MAS: Modified asworth scale; GMFCS: Gross motor function classification system.



did not apply very high doses. Eek et al. showed in 
their study that the patients who underwent BoNT-A 
on the lower extremity increased their plantar flexion 
muscle strength more than the untreated group at the 
end of 6 months.25 Boyd et al. showed that CP pa-
tients with adductor muscle spasticity who received 
only PT and patients who applied both of orthosis and 
BoNT-A injection had similar effects on GMFCS 
score.26 In our study, all patients received PT and 
BoNT-A injection together. In addition, 6 patients 
had used hip abductor orthosis. We could not make a 
comparison between the two groups because the 
number of patients was insufficient. We believe that 
prospectively planned new studies are needed on this 
subject.  

Unlike previous studies, we followed hip dislo-
cation radiologically by both AI and CDA. In many 
other studies, it is stated that AI or CDA are the meth-
ods that can be used safely in the follow-up of hip in-
stability.27-29 We compared the numerical values   we 
obtained from two separate measurements with each 
other. Hip radiographs of patients were taken before 
BoNT-A injection and after third and twelfth months 
of BoNT-A injection. Then, AI and CDA values were 
calculated. In our study, no statistically significant 
difference was found in AI and CDA values com-
pared to before and after BoNT-A injection. How-
ever, a patient who received BoNT injections 3 times 
at 4 months intervals, after one year underwent hip 
surgery. Based on these findings, it has been seen that 
BoNT-A injection did not improve our patients’ ra-
diological scores but prevented progressive hip sub-
luxation or dislocation except for one patient. Jung et 

al. had examined 21 patients before and after BoNT-
A for 2 years with migration index (MI) method.30 

Similarly, they had stated that BoNT-A did not cor-
rect the radiological findings but stopped progress-
ing in hip subluxation. BoNT-A had been shown to 
provide hip stability for 2 years.30 Considering that 
the most important causes of hip dislocation are hip 
spasticity, BoNT-A administration may be thought to 
slow down hip dislocation progression. Pidcock et al. 
showed that the effect of BoNT-A on MI was higher 
in children under 2 years old than in those over 2 
years old.31 However, in our study, we could not eval-
uate this because we could not administer BoNT-A 
to children under 2 years old. Placzek et al. performed 
2-year follow-up of 5 patients who received BoNT-A, 
and showed a 44-51% improvement in MI at the 9th 
month.32 In our study, unlike other studies, hip dislo-
cation was evaluated radiologically with both AI and 
CDA. 

 CONCLUSION 
In conclusion, based on the findings obtained from 
our study, we believe that consecutive BoNT-A in-
jection may provide clinical improvement in patients 
with CP with spasticity in the hip adductor muscles 
and may prevent progression radiologically. In addi-
tion, we think that life standards of both the care-
givers and the patients themselves are increased. 

Limitations 

The study was retrospective so we used only the data which  
we obtained from patient files. Also, the number of the cases 
were not enough. So, if we gather much more patient, we can 
evaluate much more data. 
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After first injection  3rd months After treatment 12th months  
Pre-treatment Mean±SD Mean±SD Mean±SD p value 

AI 
Right 23.61±5.23 23.17±5.48 24.59±5.01 0.395 
Left 23.37±5.33 22.48±4.50 23.69±4.64 0.373 
CDA  
Right 152.57±10.82 153.10±9.30 154.35±10.75 0.665 
Left 153.13±10.12 152.81±10.56 154.18±12.05 0.796

TABLE 3:  Comparison of radiological values before and after treatment.

SD: Standard deviation; AI: Acetabular index; CDA: Collo-diaphyseal angle.
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