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Abstract 

 Several controlled studies have shown that in 
children with cerebral palsy, botulinum toxin A 
(BTX/A) can decrease muscular hyperactivity 
associated with spasticity and improve function. 
Studies have hitherto focused on the dimensions 
of impairment and functional limitations. In 
this pilot study with BTX/A in children with 
cerebral palsy, we used the Pediatric Evaluation 
of Disability Inventory (PEDI) to evaluate the 
effect of treatment. PEDI is a reliable and valid 
instrument that focuses on assessing disability in 
daily life. Patients  with cerebral palsy (n = 17, 
median age 5.5 years, age  range 2.5 to 16.5 years) 
were treated with BTX/A for pes equinus (n = 8) 
or adductor spasm (n = 9). PEDI assessment  
was carried out before and 1 month after the 
first treatment with BTX/A. Scaled scores 
were  calculated according to the user’s manual 
for the Mobility domain with scores near „0” 
reflecting low capability and scores near „100” 
reflecting  high capability. We found a significant 
improvement in the mobility domain-caregiver 
dimension from 52.3% ± 26.6% to 56.6% ±  
26.7% (mean, standard deviation P < 0.05), as  
well as in the self care domain-functional skills 

from 63.6% ± 18.7% to 65.2% ± 19.6% (mean, 
standard deviation P < 0.05). Our data indicate 
that in young patients with cerebral palsy, BTX/
A therapy of the lower extremity can reduce the 
disability. For these patients PEDI is a valuable 
assessment instrument that reflects the effect 
of treatment with BTX/A on the disability. (J 
Pediatr Neurol 2003; 1(1): 29-34). 
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Introduction
 
 Intramuscular injection of botulinum toxin 
A (BTX/A) is a relatively new modality for the 
treatment of spastic movement disorders in children 
(1,2). Results of placebo-controlled studies have 
shown local efficacy and functional benefit for 
patients with upper extremity spasticity and pes 
equinus (3-7). Limitations concerning the validity 
of these studies are due to a relatively low number 
of patients and the evaluation methods used to 
assess the functional effect of the treatment. While 
evaluation of the local effect of BTX/A has been 
widely established using the Range of Motion 
(ROM) and Ashworth Scale (8), the evaluation of 
functional outcome remains a challenge. Ketelaar 
et al. (9) reviewed 17 instruments that were used 
in the assessment of functional motor abilities. 
Of  these only two instruments, namely the Gross 
Motor Function Measure (GMFM) (10) and the 
Pediatric Evaluation of Disability Inventory (PEDI) 
(11), were considered as validated and reliable with 
respect to responsiveness to changes in the patients’ 
clinical condition. The GMFM is based on motor 
function milestones and evaluates gross motor 
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Table 1. Classification of patients according to the type of cerebral palsy and the level of gross motor function 
impairment (33)

Type of Cerebral Palsy
Spastic diparesis (n = 9)
Spastic tetraparesis (n = 6)
Spastic hemiparesis (n = 2)

Gross Motor Function Classification System (GMFCS)
Level I: Walks without restrictions; limitations in more advanced gross motor skills (n = 4)
Level II: Walks without devices; limitations walking outdoors and in the community (n = 5)
Level III: Walks with assistive mobility devices; limitations walking outdoors and in the community (n = 4)
Level IV: Self mobility with limitations; children are transported or use power mobility outdoors and in the community 
(n = 5)
Level V: Self-mobility is severely limited even with the use of assistive technology (n = 1)

function under primarily quantitative aspects. PEDI 
measures function in more concrete daily activity 
tasks, which are categorised according to the 
domains of self-care, mobility, and social function. 
In turn, each of these is evaluated under the aspects 
of functional performance capacity, caregiver 
assistance, and environmental modifications 
(known as “dimensions”). Both GMFM and PEDI 
have been used increasingly to assess the effect of 
BTX/A therapy in patients with cerebral palsy (CP) 
(7,12-30). PEDI has been used to evaluate BTX/A 
therapy for upper extremities, showing functional 
benefits after treatment (30). In the present study, 
PEDI was used to evaluate the BTX/A treatment of 
the lower extremities in children with CP.

Materials and Methods

Patients
 Seventeen patients with cerebral palsy (median 
age 5.5 years, age range 2.5 to 16.5 years) were 
treated with BTX/A for pes equinus (n = 8) or 
adductor spasm (n = 9) (Table 1). Patients were 
included in the study when either pes equinus 
or adductor spasm were identified as dominant 
focal motor problem and a functional goal for the 
treatment could be defined. When pes equinus as 
well as adductor spasm were prominent, adductor 
spasm was treated in case a functional goal could be 
defined. Patients with haemostatic disorders or with 
fixed contractures were excluded. Patients were 
classified according to the type of cerebral palsy 
and the level of gross motor function impairment 
(Table 1). Approval from the local ethics committee 
(ethical committee University of Freiburg) and 
informed consent from parents of all patients were 
obtained.

Treatment
 Patients were given intramuscular injections into  
the adductor muscles and into the gastrocnemius 
muscle using 27 G needles. Other injected muscles 
were the medial hamstrings and the muscle tibialis 

posterior. One vial of BTX/A (Botox®, Merz, 
Frankfurt, Germany; Dysport®, Ipsen Pharma, 
Ettlingen, Germany) was dissolved in 2 ml sodium 
chloride solution 0.9%. A maximal dose of 12 Units 
Botox® or 30 Units Dysport® per kg body weight 
and a maximal total dose of 300 Units Botox® or 
1500 Units Dysport® were applied. We injected 
into the proximal third of the muscle. The injection 
site was determined by palpation of the muscle 
belly; electromyography was not used. A maximum 
of 1 ml was applied per injection site; thus, the 
number of injection sites depended on the volume 
to be injected. All patients had physiotherapy 
twice a week; 16 patients were treated according 
to neurodevelopmental therapy; two patients were 
treated according to other treatment protocols, 
including hippotherapy and occupational therapy.

Local parameters of therapy evaluation 
 Patients were assessed according to a 
standardised protocol, before and 4 to 8 weeks 
after the treatment with BTX/A. The local effect 
of  BTX/A was assessed using passive ROM and 
the modified Ashworth Scale (8). Positioning and 
handling during measurement were standardised 
and carried out each time by the same examiner. 

Pediatric Evaluation of Disability Inventory 
(PEDI)
 According to the user’s manual and in 
accordance with the organisational structure of 
a outpatient clinic, the PEDI was performed by 
interviewing the patient’s parents. Interviews were 
performed in parallel by two independent raters, one 
experienced physiotherapist, and a medical student 
in most patients 1 month after the treatment with 
BTX/A. For organisational reasons in two patients 
the interview had to be conducted retrospectively 
four and six months after  treatment. While the 
initial interview reflected the pre-treatment status, 
the second interview referred to the status one 
month after BTX/A treatment (when a peak benefit 
is expected). Differences between the two raters  
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Table 2. Results of evaluation using the PEDI (scaled scores) pre- and post-treatment with BTX/A 

    Functional Skills   Caregiver Assistance
 Pre Post Pre Post

Mobility 55.8 57.4 52.3 56.6 *
Domain 51.4/32.5/77.5 9/32.4/81.1 56.1/39.0/70.5 56.1/39.0/75.2
 (11.4-94.2) (11.4-94.2) (0-100) (0-100)

Self 63.6 65.2 * 51.3 52.0
Care 64.6/54.0/73.6 64.6/55.25/74.9 54.6/47.9/65.1 54.6/47.9/68.1
 (29.4-100) (29.4-100) (0-100) (0-100)

Social 67.9 68.7 74.5 74.1 
Function 66.2/55.2/83.2 66.2/55.2/89.1 75.3/50.8/100 78.6/50.8/100
 (10.5-100) (10.5-100) (11.3-100) (11.3-100)

* P < 0.05. Indicated are the mean (first line), the median, the 25th and the 75th percentile score (second line) as well as the range 
(third line). 

were cleared and reconciled after the interview. 
PEDI is divided into three domains-namely self-
care, mobility, and social function; in turn each 
domain is described in three dimensions-functional 
skills, caregiver assistance, and modification scale. 
All  three domains in the dimension functional skill 
and caregiver assistance were tested separately for 
the effect of the therapy. Reliability and validity 
testing of the PEDI has been conducted in healthy 
children up to the age of 7 years, when they reach 
the maximum score of 100%. However, this ceiling 
effect is not seen in older children with significant 
handicap, such as cerebral palsy (31). 

Gross Motor Function Measure (GMFM) 
 GMFM was performed according to the user’s 
manual by two physiotherapists with extensive 
experience in  the application of  this test 4-8 weeks 
after the treatment with BTX/A. They were involved 
in the official German translation of the GMFM 
and trained others in its use. The same examiner 
performed pre- and post-treatment GMFM. 
According to the user’s manual, a goal area for the 
GMFM was determined before therapy.

Statistics 
 Between the follow-up visits, the Wilcoxon 
test was used to evaluate the differences in PEDI, 
GMFM, ROM, and the modified Ashworth Scale.

Results

Local parameters
 BTX/A led to a significant reduction in muscle 
tone from 1.9 ± 0.7 to 1.6 ± 1.0 (mean ± standard 
deviation, P < 0.01) as measured by the modified 
Ashworth Scale. An increase  from 48.5% ± 36.5% 
to 56.0% ± 32.7% (mean, standard deviation, P < 
0.05) in the passive ROM (n = 13) was seen after the 
treatment with BTX/A. 

PEDI 
 After the treatment with BTX/A, patients showed 
a significant increase in the mobility domain- 
caregiver dimension from  52.3% ±  26.6%  to 56.6% 
± 26.7% (mean, standard deviation P < 0.05), as well 
as in the self care domain-functional skills from 
63.6% ± 18.7% to 65.2% ± 19.6% (mean, standard 
deviation, P < 0.05, Table 2, Figure 1). Treatment of 
adductor spasm and pes equinus with BTX/A led to 
a reduction in caregiver  assistance during transfer 
situations (Table 3). 

GMFM 
 Although after treatment with BTX/A the 
GMFM Goal  Score  increased  from 50% ± 29% to 
53% ± 27% (mean, standard deviation), this change 
was not statistically significant when considering 
the entire group (Table 4, P > 0.05). However, for 
seven individual patients  the  increase accounted 
for more than 5%, which reflects a probable 
clinically significant improvement. There was no 
direct correlation between PEDI and GMFM score 
in this group of patients (r = -0.15).

Case report
 We report a 12-year-old boy with spastic 
tetraparesis. His perinatal history was complicated   
by premature birth (26 post gestational week) 
and amnion infections syndrome. His MRI scan
showed significant periventricular leucomalacia.
Focal motor problems were spastic muscular
hyperactivity of the adductor and hamstring 
muscles. He was able to stand with help of his 
parents. For transfer from the wheel-chair to 
another chair and from the wheel-chair to the toilet 
he needed the support of his parents. He received 
50 Units Botox® into each hamstring and adductor 
muscle. The total dose was 200 units (8.7 units/kg 
body weight). After injection the ability to stand 
improved and he was able to perform the transfer 
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Figure 1.  Summary of results obtained by evaluation with PEDI pre- and post BTX/A therapy. The 25% and 75% 
range, as well as the standard deviation and mean (+) are shown * P < 0.05.

Table 3. Improvements after BTX/A therapy.  Examples 
for items where patients showed improvement in activities 
of daily living after BTX/A therapy

Parameters Self-Care Mobility

Functional Management  Walking upstairs,  
skill with shoes     downstairs 
 (n = 3)              (n = 3)
 Toileting tasks 
 (n = 3)

Caregiver          Toileting    Chair / toilet 
assistance        (n = 2)        transfer (n = 3)
  Car transfer (n = 4)
  Bed mobility / 
  transfer (n = 3)

from chair to toilet without help. His PEDI score 
in the caregiver assistance of the mobility domain 
improved from 48.5% to 52.3%.
 
Discussion
 In our study, patients with cerebral palsy 
treated with BTX/A showed a significant functional 
improvement when evaluated by PEDI. The local 
effect of  BTX/A and the improvement in gross 
motor function demonstrated in previous studies 
seem to positively influence activities of daily 
living. 
 In order to discuss the results of therapy in 
this study, evaluation instruments should be 
classified according to the level of evaluation.

Table 4. Results of evaluation using the GMFM pre- and 
post-treatment with BTX/A

                                    Goal Score           
 Pre  Post

GMFM 50   53 *
 46.0/23.6/81.3 51.1/22.8/80.1
 (7.7-95)  (15-97)

* P < 0.05. Indicated are the mean (first line), the median, 
the 25th and the 75th percentile score (second line) as well 
as the range (third line). 

Such a classification system has been established 
by the American Academy for Cerebral Palsy 
and Developmental Medicine (AACPDM), which 
is commonly quoted in the literature (32). The 
structure of PEDI corresponds to the classification of 
AACPDM, where by the domain of  functional skills 
evaluates the level of functional limitations, the 
domain of caregiver assistance, and the modification 
scale may be partly classified as an evaluation of 
disability. Our patients showed changes mainly in 
the dimension of caregiver assistance. Following 
therapy, the support of the patients by parents and 
other caregivers was significantly reduced regarding 
in particular mobility (transfer) and self-care 
(toileting). The impact on activities of daily living 
was demonstrated by the case report. Interestingly, 
the GMFM goal score did not improve significantly 
in our study. This may reflect important differences 
between the GMFM and PEDI as assessment 
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instruments. The GMFM measures basic gross motor 
functions by an independent rater in a standardized 
environment, while PEDI measures performance 
in the daily environment as assessed by parents 
or caregivers. Thus, compared with GMFM, PEDI 
reflects better the actual environment and measures 
(at least in part) functioning on the level of disability 
according to the AACPDM classification. In this 
context PEDI might be sensitive to changes of motor 
function that are relatively small, but still significant 
for activities of daily living. However, PEDI is 
based on an interview with the parents and is more 
likely to be influenced by specific expectations and 
subjective judgements. Therefore, both instruments, 
PEDI and GMFM provide important information 
regarding the effectiveness of the therapy in an 
individual patient and should thus be used as 
complementary assessment instruments.
 Our data indicates that in patients with cerebral 
palsy, BTX/A therapy of the lower extremity can 
reduce disability. Because this pilot study was 
performed as an open design without control 
group, the strength of our conclusion regarding  the 
evidence on the effectiveness of BTX/A therapy is 
limited. Nevertheless, the short observation interval 
after therapy, during which effect on the PEDI was 
seen, makes it unlikely that our data represent 
cerebral palsy’s natural course. However, a 
nonspecific effect, not directly related to the BTX/A 
therapy, cannot be excluded. Our data suggest  that 
the PEDI is a suitable instrument for the evaluation 
of this kind of medical intervention and it should be 
used in larger controlled clinical studies. 
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