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ABSTRACT. Scholtes VA, Dallmeijer AJ, Knol DL, Speth
A, Maathuis CG, Jongerius PH, Becher JG. The combined
ffect of lower-limb multilevel botulinum toxin type A and
omprehensive rehabilitation on mobility in children with ce-
ebral palsy: a randomized clinical trial. Arch Phys Med Re-
abil 2006;87:1551-8.

Objective: To evaluate the combined effect on mobility of
reatment with multilevel botulinum toxin type A (BTX-A) and
omprehensive rehabilitation in children with cerebral palsy
CP).

Design: Randomized clinical trial using a multiple baseline
esign. The intervention group was treated 6 weeks after ran-
omization. The control group was treated after a longer period
f 18 to 30 weeks. Repeated measurements in both groups were
ontinued throughout the process, before and up to 48 weeks
fter treatment.

Setting: Four departments of rehabilitation medicine in The
etherlands.
Participants: Forty-six children with spastic CP (mean

ge � standard deviation, 8.0�2.1y).
Intervention: The intervention group (n�23) was treated

ith multilevel BTX-A and comprehensive rehabilitation.
ontrol group subjects (n�23) continued with their usual phys-

cal therapy (PT) for 18 to 30 weeks, and then also received
ultilevel BTX-A and comprehensive rehabilitation.
Main Outcome Measures: The primary outcome measure

as the Gross Motor Function Measure (GMFM-66); the sec-
ndary measures were problem score and energy cost.
Results: The treatment effect during the first 24 weeks of

ollow-up in the intervention group was compared with the
ffect of usual PT in the control group. Treatment with multi-
evel BTX-A and comprehensive rehabilitation provided a sig-
ificantly greater improvement at 12 and 24 weeks in both the
MFM-66 (2.1 points, P�.02; and 3.5 points, P�.01, respec-

ively) and problem score (1.8 and 1.7 points, P�.001, respec-
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ively) compared with usual PT. No difference was found in
nergy cost. Before-after analysis of the total group (n�46)
howed a significant long-term improvement (48wk) on all
utcome measures.
Conclusions: Treatment with multilevel BTX-A and com-

rehensive rehabilitation significantly improves mobility as
easured by the GMFM-66 and problem score in children
ith CP.
Key Words: Botulinum toxin type A; Cerebral palsy; Clin-

cal trials, randomized; Rehabilitation.
© 2006 by the American Congress of Rehabilitation Medi-

ine and the American Academy of Physical Medicine and
ehabilitation

OST CHILDREN WITH cerebral palsy (CP) have a
deviating gait pattern. One of the typical patterns is

haracterized by flexion of the knee during midstance.1 These
hildren walk either with a crouch pattern2 or with a jump knee
attern2 without ever reaching full extension during the mid-
tance. This is often caused by muscle imbalance resulting
rom a combination of spasticity of flexor muscles, weakness
f extensor muscles, and/or coactivation of both flexor and
xtensor muscles, which may lead to fixed muscle contractures
uring development. The natural course of development in
hese children is a further deterioration in the flexion pattern,3

hich is generally accompanied by a deterioration in mobility.4

herefore, treatment at an early stage is indicated to improve
nee extension in gait. A comprehensive rehabilitation ap-
roach is needed, aimed at both decreasing spasticity and
mproving muscle strength and length.

Since 1993,5 injection with botulinum toxin type A (BTX-A)
as been used for spasticity management in the lower-leg
uscles of children with CP. BTX-A is injected into the
uscle, where it produces a local, dose-dependent, and revers-

ble paresis. To improve mobility in children who walk with a
exion pattern, multiple muscle groups should be treated in 1
ession (multilevel BTX-A). To optimize the spasticity reduc-
ion induced by BTX-A injections, it has been suggested that
he muscles should be actively and passively stretched after
reatment, based on a comprehensive rehabilitation plan of
erial casting and optimal orthotics.6 Additionally, intensive
hysical therapy (PT) is indicated to improve muscle strength
nd length.7 All these treatment options (casting, orthoses,
ntensive PT) can be summarized by the denominator of “com-
rehensive rehabilitation.”
Although many randomized studies have evaluated the effect

f a single-level BTX-A injection in the gastrocnemius muscle
o improve equinus gait,8-11 so far there have been only 3
andomized12-14 and 2 nonrandomized6,15 studies that exclu-
ively evaluated the effect of multilevel BTX-A injections. Of
hese studies, only 1 used a control group that received the
sual PT.13 Moreover, evaluation of the primary outcome in

hese studies6,12,15 was mostly at the level of impairment (range

Arch Phys Med Rehabil Vol 87, December 2006
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A

f motion, spasticity, gait kinematics), while the main goal of
ultilevel BTX-A treatment is at the level of activity, in

articular in the domain of mobility.16 Improvement in mobil-
ty, in particular, is a more long-term treatment goal. Therefore,
ur purpose in this randomized study was to measure the effect
n mobility of lower-extremity multilevel BTX-A treatment
nd comprehensive rehabilitation on children with CP who
alk with flexed knees in midstance up to 1 year after treat-
ent.

METHODS

tudy Population
Between October 2001 and March 2003, 58 children from 4

utch departments of rehabilitation medicine were screened
or participation in this trial. The screening included a stan-
ardized medical history and clinical examination, and frontal
nd sagittal plane gait video-recordings with surface electro-
yography.17 Inclusion was based on the consensus of 4 par-

icipating pediatric physiatrists during a teleconsultation ses-
ion in which the data collected were discussed via high quality
udiovisual conferencing.18 The inclusion and exclusion crite-
ia are listed in appendix 1.

Forty-seven of the 58 children were found to be eligible and
ere enrolled. One child, however, withdrew after the first
aseline assessment (at the parent’s request) and was consid-
red a drop-out. The remaining 46 children participated and
ere analyzed in the study (fig 1). Table 1 summarizes the
atients’ personal and treatment characteristics.

tudy Design and Procedure
The children were randomly assigned to 1 of 2 groups:

ntervention and control (fig 1). An independent statistician
DLK) performed the randomization, using computer-gener-
ted random blocks of 4 (all permutations of AABB), stratified
er center. The selection, randomization, and measurement
rocedures are shown in figure 1.

ntervention Group
Children in the intervention group (n�23) were treated with

Table 1: Personal and Treatment Characteristics of All Partic
Cost Me

G

Characteristics Intervention (n�23)

Sex (boys/girls) 16/7
Diagnosis (unilateral/bilateral) 3/20
GMFCS level (I/II/III/IV) 9/3/10/1
Mean age � SD (y) 8.1�2.3

Range 4.2–11.5
Mean weight � SD (kg) 26.76�7.63

Range 15.00–45.00
Mean dosage BTX-A � SD (U) 442.83�132.84

Range 180–710
No. of limbs treated 42
Target muscle groups,* no. of limbs

(hst�ps�gc/hst�ps/hst�gc/other)
8/18/9/7

Orthoses (insoles/AFO) 5/17
Casting (yes/no) 6/18

bbreviations: AFO, ankle-foot orthosis; gc, gastrocnemius; GMFCS
ata; ps, psoas; SD, standard deviation.
Most frequently targeted muscles were hamstrings, gastrocnemius
r in combination) rectus femoris, soleus, adductors, and tibialis po
ultilevel BTX-A injections and comprehensive rehabilitation. t

rch Phys Med Rehabil Vol 87, December 2006
his group had 2 assessments during a 6-week baseline period
nd 4 follow-up measurements, at 6, 12, 24, and 48 weeks after
reatment.

ontrol Group
Children in the control group (n�23) continued with their

sual PT (low intensity, 1�2 sessions of 30�60min a week,
ome used orthoses) for a period of 18 to 30 weeks. They were
ssessed every 6 weeks. After this baseline period, the controls
ere also treated with multilevel BTX-A injections and com-
rehensive rehabilitation, with a follow-up at 6, 12, 24, and 48
eeks after treatment.

ultilevel BTX-A Injections and Comprehensive
ehabilitation
During the teleconsultation, a consent treatment plan was for-
ulated for each child regardless of his/her group randomization;

he plan included target muscle identification, calculation of in-
ection dose, need for serial casting, and prescription of ankle-foot
rthoses (AFOs). Possible target muscles were the psoas, medio-
ateral hamstrings, hip adductors, rectus femoris, gastrocnemius,
oleus, and tibialis posterior. The principles of multilevel surgery
ere applied in the selection of target muscles, based on the result
f gait analysis and clinical examination.19 The injections were
iven with the subjects under general anesthesia, in at least 2 sites
er muscle belly, to a maximum of 50U per site, with a dosage of
to 6U/kg of body weight of BTX-A (Botox) per muscle group.
maximum total dose was set at 25U/kg of body weight for

hildren 5 years or younger, and 30U/kg of body weight for
hildren 6 or more years old, with a maximum recommended dose
f 600U. We used a dilution of 50U in 1mL of 0.9% NaCl
olution. Injection sites were determined by palpation of the mus-
le belly, and needle placement was verified by either stretching or
lectric stimulation of the muscle.

Beginning 1 week after the multilevel BTX-A injections,
ach child was treated 3 to 5 times a week for 12 weeks by a
hysiotherapist, according to a standardized treatment protocol.
ach session lasted 45 to 60 minutes, and the treatment con-
isted of stretching the flexor muscles, training to strengthen

ng Children and a Subgroup of Children Completing Energy
ements

Energy Cost Subgroup

Control (n�23) Intervention (n�11) Control (n�10)

16/7 6/5 7/3
1/22 1/10 0/10

9/4/7/3 6/0/5/ND 3/3/4/ND
7.1�2.3 8.3�2.1 7.2�1.1
4.5–11.0 4.5–10.1 5.7–10.6

25.59�8.27 27.00�1.87 24.33�9.88
13.00–44.00 17.00–45.00 13.00–44.00

460.00�101.23 471.36�92.74 449.00�98.06
250–600 340–625 330–570

40 20 18
10/14/13/7 4/7/6/3 5/2/9/2

2/21 3/7 2/8
11/12 3/7 6/4

ss Motor Function Classification System; hst, hamstrings; ND, no

psoas in varying combinations. Other muscles injected were (alone
or.
ipati
asur

roup

, Gro
he extensor muscles, and functional mobility training.
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1553BTX-A EFFECT ON MOBILITY IN CEREBRAL PALSY, Scholtes
If the passive ankle dorsiflexion with extended knee mea-
ured during screening was less than 0°, serial casting was
nitiated 1 to 3 weeks after the injection. Bilateral below-knee
alking casts were applied and changed every week until 0° or
ore of dorsiflexion was achieved. Stiff insoles or AFOs were

rescribed to support full knee-extension in terminal stance.

utcome Measures

The primary outcome measure was the Gross Motor Func-
ion Measure (GMFM), a standardized observational instru-
ent that requires a child to demonstrate various motor skills,

s outlined in the GMFM administration and scoring guide-
ines. Consequently, it reports a child’s actual ability level. In
his study, we used the 66-item version of the GMFM (GMFM-
6), an internationally recognized valid and reliable objective
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Trial analysis 
(wk −6 to wk +24) 
(n=23) 

Allocated to 
intervention (n=23) 
Received intervention 
(n=23) 

Intervention group 

Lost to follow-up at 
week +24 (n=0) 

ig 1. Schematic design of
tudy and study assessments.
he duration of baseline for
hildren in the control group
aried from 18 to 30 weeks.
OTE. Negative values for
umber of weeks before inter-
ention; positive values for
umber of weeks after inter-
ention. Thick black line in the
ntervention group analysis
harts demarks multilevel
TX-A injections and compre-
ensive rehabilitation. *One
hild in the intervention group
nd 3 in the control group
ithdrew from the study after
eek 24 follow-up. They sub-

equently underwent myote-
otomy of the gastrocnemius
uscle, orthopedic surgery,

r selective dorsal rhizotomy,
n recommendation of the pe-
iatric physiatrist (JGB).
utcome measure, based on interval scaling.20 s
Our first secondary outcome measure was the gross energy
ost of walking. Energy cost21 (in J·kg�1·m�1) was determined
y measuring oxygen uptake and carbon dioxide production
ith a portable gas analyzing systema during a 6-minute walk

t a comfortable self-selected speed. Oxygen uptake was con-
erted to joules and expressed relative to walking speed (in
/min) and body mass (in kilograms).21 Mean steady-state

alues during the last 60 seconds were used for analysis. This
est was performed in a subgroup (n�24) in 1 center only.

Another secondary outcome measure was a parent self-
eported problem score, which recorded the 3 main problems
elated to lower-extremity mobility tasks experienced by their
hild. We used a semi-structured interview method and a
tandardized set of examples. Each problem was rated by the
arent in terms of difficulty of performance on an 11-point

Excluded (n=7) due to lack 
of: spasticity, flexion pattern, 
indication for multilevel 
treatment, or uncooperative to 
assessment or orthopedic 
deformities.  

Unwilling to participate  
(n=4) 

Secondary analysis* 

sessed for eligibility (n*=58) 
al history, clinical examination & 

gait analysis) 

Teleconsultation 

−1 +6 +12 +24

0 −24 −18 −12 −6 −1

6 −1 +6 +12 +24 +48

Allocated to control 
(n=24) 
Received usual care 
(n=23) 
dropped out  (n=1) 

Lost to follow-up at 
week –1 (n=0) 

Trial analysis 
(wk −30 to wk –1)  
(n=23) 

Control group 

Before-after analysis 
otal group (wk −6 to wk +48) 

(n=46) 

Included  & randomized 
(n=47)
As
medic

−6

−3

T

cale (0 [no problem] to 10 [major problem]).
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A

The GMFM-66 and energy costs were assessed during all
aseline and follow-up measurements in both groups. At base-
ine, the problem score was assessed once in the intervention
roup and twice in the control group and at all follow-up visits.
he children were assessed and treated in their own recruitment
enter. It was not possible to blind the observers for treatment
roup—the groups were transparent because of their different
umber of assessments. All observers were certified to admin-
ster the GMFM-66 and were fully trained to perform all the
ssessments. Moreover, to reduce testing bias in the subjective
rediction of change in one of the outcome measures, the
bservers never reviewed any previous test values.
Based on the GMFM-66, this study had a power of 71% (47

ubjects were initially enrolled) to detect a mean change of 1.6
oints between the groups, with a 2.2-point standard deviation
SD) on GMFM-66 scores. This mean change of 1.6 points on
he GMFM-66 could be considered a clinically meaningful
hange of motor function.22

Approval for the study was obtained from the Medical Ethics
ommittee of the VU University Medical Center in Amster-
am and full written informed consent was obtained from all
arents and children 12 years of age or older before enrollment.

tatistical Analysis
Group characteristics were tested for differences with the

tudent t test (continuous data) or the chi-square test (dichot-
mous or ordinal data). We used 2 types of analysis to study
he treatment effect. The strongest level of evidence was given
y the trial analysis, in which the effect in the intervention
roup (�6wk before to 24wk after treatment) was compared
ith the usual PT effect in the control group (�30wk to �1wk
efore treatment). Additionally, using secondary before-after

Table 2: Three Types of Results: Last Baseline Values for the Int
Estimated Mean Difference Between the 2 Groups in Change From

Term Change From Baseli

Outcome

Baseline Values*

Intervention Group Control Group

GMFM-66 (0–100)
Baseline 67.91 � 15.39 65.90 � 11.37
Week �6§

Week �12
Week �24
Week �48

Energy cost� (J·kg�1·m�1)
Baseline 11.61 � 6.57 10.77 � 3.13
Week �6
Week �12
Week �24
Week �48

Problem score (0–10)
Baseline 7.81 � 1.66 8.25 � 1.51
Week �6
Week �12
Week �24
Week �48

OTE. Values are mean � SD or mean (95% CI). For GMFM-66 a pos
egative value indicates improvement.
Mean of –6 and –1 week for the GMFM-66 and energy cost, and –1
Corrected for baseline differences.
P values with linear mixed-model analysis, models are adjusted fo
The positive values indicate the number of weeks after interventio
Energy cost only presented for subgroup; in the before-after analys
nalysis, the long-term effect at 48 weeks after treatment was A

rch Phys Med Rehabil Vol 87, December 2006
ompared with before-treatment (�6 and �1wk) values. For
hese analyses, the full follow-up term of the total population
intervention group plus control group) was used. To identify
haracteristics of the children who might have responded dif-
erently to treatment, subgroup analysis were performed for the
evel of functioning classified with the Gross Motor Function
lassification System (GMFCS)23 and age (�7y, �7y), also in

he total population.
All differences in effect were analyzed in a linear mixed-
odel analysis,24,b which estimated the treatment effect on the

ifferent outcome measures while adjusting for dependency of
epeated observations in each subject. The factor “center” was
onsidered in all statistical analyses. An independent statisti-
ian (DLK) and the principal investigator (VAS) performed all
nalyses. The level of statistical significance was set at P less
han .05, which was adjusted in the subgroup analysis through
onferroni adjustment. All P values were 2-sided.

RESULTS
The mean baseline period from the first baseline assessment

ntil the time of treatment � SD was 5.8�1.0 weeks in the
ntervention group (range, 4�8wk) and 23.6�6.8 weeks in the
ontrol group (range, 10�35wk). The groups did not differ
ith regard to personal characteristics (see table 1).
Each patient was treated with multilevel BTX-A in at least 1

imb. A mean dose of 18.01�4.74U/kg of body weight was
njected, ranging from 5.63 to 27.14U/kg of body weight.

rial Analysis
For all outcome measures the estimated mean difference

etween the 2 groups in change from initial baseline and the
5% confidence intervals (CIs) are shown in table 2 (see Trial

tion Group (n�23) and Control Group (n�23); Trial Analysis of
ial Baseline; and Before-After Analysis for Estimated Mean Long-
r the Total Group (n�46)

Trial Analysis
Estimated Mean

ifference in Change† P‡

Before-After Analysis
Estimated Mean

Long-Term Change P‡

.77 (�3.07 to 1.52) .50 �0.83 (�1.93 to 0.26) .13

.07 (0.31 to 3.83) .02 1.43 (0.69 to 2.17) �.001

.48 (1.34 to 5.61) .002 2.07 (0.96 to 3.18) �.001
2.26 (1.29 to 3.22) �.001

.88 (�2.75 to 0.99) .35 0.26 (�0.46 to 0.98) .46

.50 (�1.37 to 2.38) .59 �0.07 (�1.40 to 1.26) .91

.31 (�1.58 to 2.21) .74 �0.90 (�1.59 to �0.20) .01
�1.78 (�2.64 to �0.92) �.001

.70 (�1.44 to 0.04) .07 �0.85 (�1.53 to �0.17) .02

.78 (�2.62 to �0.93) �.001 �1.83 (�2.54 to �1.11) �.001

.65 (�2.81 to �0.48) �.001 �1.90 (�2.54 to �1.27) �.001
�1.40 (�2.04 to �0.76) �.001

value indicates improvement; for energy cost and problem score a

k for the problem score, respectively.

ter.

additional patient was left out of the analysis.
erven
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A significant treatment effect on the GMFM-66 was found
2 and 24 weeks after treatment in the intervention group (fig
A). On the energy cost test, 2 children with GMFCS level IV
control group) did not reach a steady state of oxygen uptake
uring walking. Another child was afraid of the mask, which
ade testing impossible (control group). These 3 were ex-

luded from the analysis. Group characteristics of the remain-
ng 21 children are presented in table 1. No significant treat-
ent effect was found in energy cost (see fig 2B). On the

roblem score, the parents reported a total of 40 different
roblems involving balance (unaided standing, unaided walk-
ng, getting on or off a bicycle), falling or tripping, walking
walking longer distances, walking indoors or outdoors, walk-
ng with bare feet, climbing stairs, walking on uneven surfaces,
alking in a supermarket), transfers (getting in or out of a car,

ising from the ground unaided), running, and playing (jumping
rope, kicking a ball). A significant treatment effect on prob-

em score was found in the intervention group 12 and 24 weeks
fter treatment (see fig 2C).

efore-After Analysis: Long-Term Effect
The last values assessed in both groups before treatment

mean of �6 and �1 week for the GMFM-66 and energy cost,
1 week for the problem score, respectively) were used as

aseline values to compare the long-term effect (48 wk) for the
otal group (n�46). These are presented in table 2 (see Base-
ine Values). No significant differences were found. The results
f these before-after analyses are also presented in table 2 (see
efore-After Analysis), showing estimated mean changes from

his baseline for the total group and 95% CIs at 48 weeks after
reatment. Significant improvements were found in all outcome
easures, GMFM-66, energy cost, and problem score, at 48
eeks after treatment.

efore-After Analysis: Subgroup Effect
Subgroup analysis showed that the energy cost in children

ith GMFCS level III was improved significantly more 48
eeks after treatment, compared with children with GMFCS

evels I and II (see fig 3B).
For the other outcome measures, no significant differences in

ffects were found for different GMFCS levels (see figs 3A,
C) or age subgroups (results not presented).

DISCUSSION
In this randomized clinical trial, we evaluated the effect of

reatment with multilevel BTX-A and comprehensive rehabil-
tation on the mobility of children with CP who were walking
ith flexion of the knee in midstance.
In the trial analysis, we found that multilevel BTX-A given

n combination with comprehensive rehabilitation significantly
mproved gross motor function. In addition, parents of the
atients reported a significant improvement in the perceived
ifficulty of individually selected mobility tasks. We found no
vidence, however, of a treatment effect on the energy cost of
alking.
The improvement on the GMFM-66 (3.5 points) found at 24

eeks after treatment was a small, but significant, treatment
ffect. In the literature, the reported change over 1 year in
hildren more than 5 years of age who received usual care was
ess than 1 point on the GMFM-66.20 Recently, it was shown
hat a change score of 1.6 points is clinically meaningful, and

change score of 3.7 points discriminates moderate or no
mprovement from a great improvement.22 Relative to these
hanges, we believe that our results indicate a clinically mean-

ngful improvement in gross motor function. The secondary c
efore-after analysis also indicates that long-term effects (�1y)
n gross motor function can be expected, but this needs to be
onfirmed in a randomized controlled trial.

One other randomized study13 also evaluated multilevel
TX-A with the GMFM and found no significant difference
etween the multilevel BTX-A group and the group continuing
ith regular (nonintensive) PT. This study had a crossover design

hat evaluated the effects over a period of 6 months. Because we
howed that an effect 1 year after treatment can still be expected,
6-month period might have been too short. Other randomized

tudies8-11 failed to show any significant treatment effect of single
evel BTX-A injections without intensified PT on the GMFM in
hildren walking with equinus. Our results might suggest that the
ombined effect of multilevel BTX-A treatment and comprehen-
ive rehabilitation could be more effective in improving gross
otor function than multilevel BTX-A alone. This is speculative,

owever, and can only be confirmed in a randomized trial that
ompares multilevel BTX-A alone to multilevel BTX-A and com-
rehensive rehabilitation.

Some authors14,25 advise that multilevel BTX-A injections
hould only be given to children up to 7 years old. The results
f our subgroup analysis, however, showed no difference in
reatment effects between children of a minimum age of 7 and
ounger children.
Although the children in this study were selected on the basis of

n energy-inefficient gait pattern of knee flexion,26 we found no
reatment effect on energy cost in the trial analysis. The small
umber of patients available for energy cost analysis might have
nfluenced this. Nevertheless, the estimated mean changes at these
ifferent follow-ups were all less than 10%, which also does not
eem clinically relevant. Secondary before-after analysis showed
n improvement of more than 10% at 48 weeks, which was
ignificant. Without the use of a control group, however, the study
ower of this analysis was 56%, which therefore limits the inter-
retation of these findings. In the long-term, children who used
alking aids (GMFCS level III) improved significantly more than
id children walking without aids (GMFCS levels I and II). As
hown in figure 2B, this may be because children with GMFCS
II, with a baseline energy cost twice as high as children with
MFCS level I, have more scope to improve. Children in the

atter group seem to be nonresponsive to change in energy cost
ecause their energy cost is already low, although it is higher than
hat of healthy children.

A significant treatment effect was seen on the problem score
t 12 and 24 weeks. Compared with other reports, where the
linically relevant change was set at 10% of the total range of
he scale,9 our results indicate a clinically relevant change.
roblems frequently mentioned by parents were (1) falling and

ripping during walking, (2) limited duration of walking, and
3) problems with balance. Although the problem score is
elf-developed and not validated, it may reveal benefits asso-
iated with the parents’ subjective experience of improvement
n a child’s mobility.

We also found a long-term improvement on the problem
core at 48 weeks after treatment. All children continued with
heir usual PT after the period of intensive PT (12wk), with the
ame intensity as before the multilevel BTX-A injections; only
child was re-treated with a BTX-A injection and only in the

ectus femoris muscle (at 30wk after treatment, without com-
rehensive rehabilitation), and none had serial casting again.
herefore, the long-term effects found in this study on all
utcome measures might suggest that combined treatment of
ultilevel BTX-A and comprehensive rehabilitation can result

n an overall long-term improvement in mobility, even 1 year
fter treatment. This should be confirmed in a randomized

ontrolled study, however.
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A

ig 2. Estimated marginal means and standard errors of (A) GMFM-
6, (B) energy cost (only presented for subgroup), and (C) problem
cores on different study visits (6-wk intervals): trial analysis for
ntervention group (n�23) and control group (n�23). NOTE. Energy
ost is in J·kg�1·m�1. Numbers on the x axis represent, for the
ntervention and control group, respectively: 1 (week �6, week
30); 2 (week �1, week �24); 3 (week �6, week �18); 4 (week �12,
eek �12); 5 (no assessment, week �6); and 6 (week �24, week
1). A dashed line demarks the multilevel BTX-A injections and

omprehensive rehabilitation in the intervention group. *Signifi-

ant difference in change between the intervention group and the
ontrol group, corrected for baseline differences (P<.05).

rch Phys Med Rehabil Vol 87, December 2006
ig 3. Estimated marginal means and standard errors of (A) GMFM-
6, (B) energy cost (only presented for subgroup), and (C) problem
cores on different study visits (6-wk intervals): before-after analy-
is in the total group (n�46) for subgroups based on GMFCS. NOTE.
nergy cost is in J·kg�1·m�1. Numbers on the x axis represent: 1

week �6); 2 (week �1); 3 (week �6); 4 (week �12); 5 (no assess-
ent); 6 (week �24); 7 to 9 (no assessment); and 10 (week �48). A

ashed line demarks multilevel BTX-A injections and comprehen-
ive rehabilitation in the total group (n�46). *Significant difference
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tudy Limitations
General shortcomings of this study were the use of mul-

iple assessors (multicenter trial), the lack of assessor blind-
ng, and the varying duration of baseline in the control
roup. To standardize the treatment and assessment meth-
ds, training sessions were organized before the study. All
ssessors also attended the GMFM course and passed its
riterion test. A varying baseline for the control group was
ecessary because we had to strike a balance between what
as scientifically desirable, practically obtainable, and clin-

cally needed: if treatment was planned during the holidays,
r a child complained of pain, the physician decided to
chedule multilevel BTX-A treatment earlier. A period of 18
eeks was therefore set as a minimum in the control group.
sing the linear mixed-model analysis, we adjusted for any
issing visits during the study.24 It is not clear whether the

arying baseline influenced our results. Although all control
hildren were scheduled to receive multilevel BTX-A treat-
ent and comprehensive rehabilitation, we found stable

aseline values for all outcome measures. If the baseline
eriod had been 30 weeks for all children (including the
nes who complained of pain), it would seem reasonable to
xpect stable values as well, or even slightly deteriorating
aseline values rather than improved ones, leading to similar
r even greater treatment effects.
We selected children with a flexion gait pattern for treat-
ent. This pattern is caused by an imbalance of flexor and

xtensor muscle activity, which necessitated the application
f a comprehensive treatment program. We chose the effect
f the total program as the subject for this study, rather than
he contribution of each component (multilevel BTX-A,
ntensive PT, serial casting and orthoses); therefore, we do
ot know, for example, how much of the effect is specifi-
ally contributable to the multilevel BTX-A injections
lone, or to the intensive PT. Because the optimal combi-
ation of these factors is not known, the contribution of each
f the components of the treatment program must be as-
essed in future research.

The main focus of this study was on the level of mobility,
ecause this is the main and final goal of the BTX-A and
ehabilitation treatment. Effect of the treatment on technical
utcome measures was outside the scope of this study. We are
urrently preparing a second report that will discuss the effect
f multilevel BTX-A and comprehensive rehabilitation on
ideo-based gait analysis, range of motion as a measure of
uscle length, and spasticity.

CONCLUSIONS
Combined treatment with multilevel BTX-A and compre-

ensive rehabilitation is an effective treatment modality that
eads to clinically relevant improvements in gross motor func-
ion and self-reported mobility tasks in children who walk with
exion of the knees. We found no accompanying change in
nergy cost of walking.
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oenen (Rehabilitation Foundation Limburg, Franciscusoord,
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ertsma, Rob Douma, and Ronald Davidsz (Center for Rehabilita-
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ingen, Groningen).
APPENDIX 1: INCLUSION AND EXCLUSION
CRITERIA

Inclusion Criteria Exclusion Criteria

Diagnosis of CP
Spastic hemiplegia or diplegia

(according to Hagberg27)
Age between 4 and 12y
Spasticity* in 2 or more lower-

extremity muscle groups
interfering with mobility

GMFCS levels I to IV
Gait characterized by persistent

flexion of the knee (�10°) in
mid-stance (barefoot or with
AFOs/shoes)

Two or more muscle groups in
1 limb needing BTX-A
injection

Ability to carry out instructions
Adequate knowledge of the

Dutch language

BTX-A treatment in lower
extremities within 16
weeks before inclusion

Orthopedic surgery 24
weeks before inclusion

Contraindication for BTX-A
Contraindication for

general anesthesia
Orthopedic deformities

that have a bad
influence on walking

(Sub)luxation of the
hip with an MI �50°

Hip endorotation
contracture �15°

Flexion contracture of
knee �15°

Severe fixed contractures:
Age �8y

Ankle plantarflexion
with knee extended
�20°†

Popliteal angle �90°
Age �8y

Ankle plantarflexion
with knee extended
�15°†

Popliteal angle �80°
Presence of ataxia or

dyskinesia
Other problems that have

a negative influence on
walking

bbreviations: AFOs, ankle-foot orthoses, GMFCS, Gross Motor
unction Classification System; MI, migration index.28

Spasticity was defined during clinical examination as the occur-
ence of a “catch” (sudden increase in muscle tone) somewhere
efore the end of the range of motion in response to a fast passive
tretch (in hamstrings, adductor, rectus femoris, gastrocnemius, and
oleus muscles).
From neutral.
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