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The present study attempts to provide objective evidence of two treatment options for

children with cerebral palsy (CP): multilevel botulinum toxin type A (BTX-A)

injections and multilevel surgery. The purpose of the study was to clarify the

di�erences and the similarities, and common treatment principles of both treatment

strategies. Objective three dimensional gait analysis data were studied retrospectively

in two patient groups pre- and post-treatment (randomly selected from a group of

children that were treated between 1998 and 1999). In the ®rst group, 29 children with

CP were managed with BTX-A injections according to an integrated multilevel

approach (Molenaers et al., 1999a). A second group of 23 children with CP were

managed by a more traditional single event multilevel surgery, also according to an

integrated approach. Our aim was to evaluate the di�erences as well as the similarities

between both patient groups, using a set of 56 parameters selected from three-

dimensional gait analysis. The unifying concept between management with BTX-A

injections and orthopaedic surgery was the adoption of a multilevel approach at one

session. The groups demonstrated considerable di�erences with respect to age,

pretreatment condition and amount and level of improvement after treatment. The

children who received BTX-A were typically younger, and showed primary gait

problems in the distal joints, whereas the children who underwent surgery demon-

strated a higher frequency of gait deviations in the transverse plane and had more

complications. Although the bene®t of both treatments was con®rmed by the present

study, a di�erence in the amount and level of improvement was also demonstrated. In

conclusion, these treatment modalities should be regarded as complementary rather

than mutually exclusive treatments, with both calling for an integrated approach.

Introduction

Children with cerebral palsy (CP) may present with a

variety of motor problems. Some are directly related to

the lesion in the central nervous system, in¯uencing

muscle tone, balance, strength and selectivity (primary

problems), whereas static muscle contractures and bony

deformities (secondary problems) develop slowly over

time in response to the primary problems and to growth

(Gage, 1991).

There are several treatment options for the man-

agement of these motor problems. To some extent,

primary problems can be addressed with oral medica-

tion, neuromuscular blockade, selective dorsal rhizoto-

my (SDR) and intrathecal baclofen (ITB). Secondary

problems are helped by surgical intervention, including

tendon lengthening and correction of bony lever arm-

dysfunction (Rang et al., 1986; Bleck, 1987; Gage,

1991; Renshaw et al., 1995). For each of these inter-

ventions the bene®t of appropriate physiotherapy and

orthotic management can be demonstrated.

In view of the complexity of the motor disorder in

children who have CP, and who also have a variety of

neurological de®cits compounded by the in¯uence of

growth on the pathological process, a multidisciplinary

team evaluation using objective measurements is essen-

tial to de®ne the optimal treatment strategy. The present

study focuses on the outcomes of two treatment options:

multilevel botulinum toxin type A (BTX-A) injections

and multilevel surgery. Both interventions address

di�erent pathologies; however, they also share clear

similarities and common treatment principles. Our aim

was retrospectively to compare and contrast the basics of
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these multilevel management options, as well as patient

demographics and outcomes using objective gait analy-

sis. Because there is still uncertainty about functional

gain achieved with BTX-A and a frequently asked

question is `Can BTX-A treatment replace surgery?', this

study sought to de®ne the speci®c objective results that

could be established in these two treatment groups. The

study does not, however, attempt to promote one

treatment vs. the other; rather it aims to evaluate the

success of twomultilevel treatment strategies for children

with cerebral palsy with generalized joint impairments,

when each are applied in normal clinical conditions.

In the gait laboratory of the University Hospital of

Pellenberg, children with CP are evaluated before and

after BTX-A treatment and before and after surgery.

A retrospective study of both patient groups helped to

clarify the speci®city and similarity of both treatments,

by comparing baseline clinical conditions and gait

patterns, as well as the improvements in gait after

treatment (taking into account age, objective and

standardized evaluations of motor problems, and pre-

and postprocedure care).

Methods

Two patient groups were randomly selected from a

larger cohort of children that were treated between 1998

and 1999. Both patient groups received full pre- and

postprocedural three-dimensional gait analysis, and

were evaluated retrospectively. Only children with the

diagnosis of spastic CP, with independent barefoot

walking without walking aids before and after treat-

ment, were included in the present study. Speci®cations

of both patient groups are given in Table 1.

The basic treatment principle for both patient groups

was that individually appropriate recommendations for

treatment were made based on standardized clinical

examination, three-dimensional objective gait analysis

and the patient's age and medical history. Such an

evaluation by a multidisciplinary team assured that

each child could receive an optimal treatment.

The ®rst group, treated with multilevel BTX-A

injections, consisted of 29 children with CP (14 with

diplegia and 15 with hemiplegia, with a total of 43

treated limbs). Treatment with BTX-A was indicated

because of failure to progress with physiotherapy,

intolerance of day and night splinting or a decrease

in function. BTX-A was utilized in an integrated

multilevel approach as previously described (Molenaers

et al., 1999a). Multiple sites were injected in each selec-

ted muscle, to a maximum of 50 U BTX-A (BOTOXÒ,

Allergan Inc., Irvine, CA, USA) per site, while the child

was sedated with mask anaesthesia. Two millilitres of

saline were added to a vial containing 100 U botulinum

toxin type A (BOTOXÒ), resulting in a concentration

of 50 U/ml. The total dose (calculated according to the

number of selected muscles and total body weight)

averaged 25.5 U/kg body weight (BW) (range of

20±31 U/kg BW) for the children with diplegia and

13.7 U/kg BW (range of 6±20 U/kg BW) for the

children with hemiplegia. The BTX-A injections were

®ne-tuned on a patient-by-patient basis following

objective evaluation using full gait analysis and an

extended clinical examination. For each treated limb,

between two and ®ve muscles were injected in one

session. All patients received injections in the gastroc-

nemius and medial hamstrings; other muscles injected

were soleus, tibialis posterior, adductors and iliopsoas.

Table 1 Demographics, orthotic and physiotherapy management

BTX-A group Surgery group

N 29 patients, 43 treated limbs 23 patients, 43 treated limbs

Diagnosis 14 with diplegia, 15 with hemiplegia 20 with diplegia, 3 with hemiplegia

Age (mean) (range) 6 years 2 months (range from 4 years

3 months to 9 years 10 months)

13 years + 5 months (range from 7 years +

4 months to 21 years + 7 months)

Post-treatment evaluation 2 months post treatment 12 months post-treatment

Day orthoses pretreatment 5 patients with leafspring AFOs 1 patient with leafspring AFOs

6 patients with hinged AFOs 4 patients with hinged AFOs

1 patient with ®xed AFOs

Night orthoses pretreatment 5 patients (limited use for 3 patients) 1 patient (limited use)

Day orthoses post-treatment 19 patients with leafsping AFOs 5 patients with leafspring AFOs

7 patients with hinged AFOs 3 patients with hinged AFOs

2 patients with ground reaction AFOs

Night orthoses post-treatment 26 patients (limited use for 5 patients) 18 patients (limited use for 1 patient)

Physiotherapy pretreatment Mean of 2.4 sessions a week Mean of 2.6 sessions a week

Physiotherapy post-treatment Mean of 2.9 sessions a week Mean of 3.6 sessions a week

Previous BTX-A treatments 9 patients 1 patient

Previous surgery 1 patient 11 patients
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Speci®cations of the di�erent combinations of multi-

level BTX-A treatments are given in Table 2. The dose

ranges and the amount of injection sites for each muscle

group are summarized in Table 3.

All patients were also casted at the distal joints

immediately before or after injections in order to

correct mild contractures and to enhance the e�ect of

the injections (Molenaers et al., 1999b; Boyd et al.,

2000). Serial stretching casts (for a period of 10±

28 days) were applied to both lower limbs (for children

with diplegia and hemiplegia) with the ankle joint in

neutral position or in 5° of dorsi¯exion (according to

the individual gait pattern and muscle contractures),

and the subtalar joint and midtarsal joints in a

neutral position. On average, casts were reapplied every

12 days. All patients had appropriate physiotherapy

before and after treatment, and orthotic management

involving day orthoses (leafspring ankle foot orthoses

[AFOs], ®xed or hinged AFOs, or ground reaction

AFOs) and night splinting (KAFO, with an external

rotation/abduction rod if indicated). Increased therapy

sessions and increased use of day and night splints after

BTX-A or surgery is part of our integrated approach to

treat children with CP (Molenaers et al., 1999a1 ). The

patients were evaluated by clinical examination and

three-dimensional gait analysis before and 2 months

after treatment. Evaluation of medical histories showed

previous multilevel BTX-A treatment in nine patients,

whereas one patient had already undergone an Achilles

tendon lengthening at a younger age.

The second group, treated with multilevel surgery,

comprised 23 children with CP (20 with diplegia and

three with hemiplegia, with a total of 43 treated limbs).

Three-dimensional gait analysis was used in the pre-

operative assessment of patients to delineate the gait

deviations of each patient and to help to plan the

surgical intervention. In 16 patients soft tissue surgery

was combined with corrections of bony deformities.

Seven patients had soft tissue surgery only. The soft

tissue surgery performed included lengthening of the

psoas, adductor longus, and medial hamstrings; rectus

femoris transfer to either gracilis or semitendinosus;

procedures involving the gastrocnemius (Strayer or

Achilles tendon lengthening in children with hemiple-

gia); lengthening of peroneus; tibialis posterior length-

ening or transfer; tibialis anterior transfer; and ¯exor

hallucis longus and abductor hallucis lengthening.

Bony deformities were corrected by acetabular correc-

tions (Degas), proximal femoral varus derotation

osteotomy (VDRO), tibial realignment and foot sta-

bilization surgery (calcaneus lengthening combined

with medial soft-tissue shortening and subtalar arthro-

desis). All patients received a combination of surgical

procedures at three levels in one session. For six

patients the multilevel surgery was combined with

BTX-A injections in the iliopsoas, because lengthening

of the iliopsoas was contra-indicated (the main source

of power generation was localized at the hip). An

overview of the multilevel surgery procedures is given

in Table 4.

The surgical group patients were studied at baseline

and on average 1-year post-surgery, following an

intensive rehabilitation programme with physiotherapy

and orthotic management. Evaluation of medical his-

tories showed previous multilevel BTX-A treatment in

one patient, while 11 patients had previous surgery at a

younger age, which included Achilles tendon lengthen-

ing for 10 patients and a lengthening of the medial

hamstrings for one patient.

The timing to re-evaluation following treatment was

not identical between the two patient cohorts. Rather,

it was decided to evaluate the children at a point of

Muscles injected with BTX-A in one session Treated limbs

Gastrocnemius, medial hamstrings 8

Gastrocnemius, medial hamstrings, adductors 10

Gastrocnemius, medial hamstrings, iliopsoas 6

Gastrocnemius, medial hamstrings, adductors, tibialis posterior 3

Gastrocnemius, medial hamstrings, tibialis posterior 3

Gastrocnemius, medial hamstrings, adductors, iliopsoas 10

Gastrocnemius, medial hamstrings, soleus, adductors, iliopsoas 1

Gastrocnemius, medial hamstrings, soleus, adductors, tibialis posterior 1

Gastrocnemius, medial hamstrings, iliopsoas, tibialis posterior 1

Table 2 Distribution of the combination of

target muscles injected with BTX-A during

one session (43 treated limbs)

Table 3 Dose rages and amount of sites for each muscle group

injected

Muscles injected

Dose range

(U/kg BW BOTOXÒ)

Minimal amount

of sites per muscle

Iliopsoas 2±4 2

Medial hamstrings 4±6 4

Lateral hamstrings 1±3 2

Adductors 1±4 2

Gastrocnemius 6±8 4

Soleus 1±3 2

Tibialis posterior 1±3 2
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(presumed) maximum e�ect of treatment. Patients in

the BTX-A group were therefore re-evaluated 2 months

after treatment, whereas patients in the surgery group

required almost 1 year of recovery time to re-establish a

new steady state prior to re-evaluation.

The multilevel character of the treatments was

con®rmed by the combinations of treated muscles

(and bones for the surgery group). The children that

were treated with BTX-A received injections in four to

10 muscle groups, which was quite similar to the

number of elongated muscles in the group of children

that were treated with surgery (often combined with

correction for bony deformities).

All patients in the study were evaluated by a full

three-dimensional gait analysis, including kinematics

and kinetics using a six-camera VICON data capturing

system (Oxford Metrics, Oxford, UK) and two AMTI

force plates (Advanced Mechanical Technology, Inc.,

Watertown, MA, USA), combined with surface EMG

(K-Laboratory system, the Netherlands). VCM (Vicon

Clinical Manager, Oxford Metrics, Oxford, UK) soft-

ware was used to de®ne the gait cycles and estimate the

joint angles, internal joint moments and power. For this

study, a set of 56 parameters was selected from the

kinematic (joint angles) and the kinetic (internal

moments and power) results. These parameters were

de®ned, based on a study of the literature (Inman, 19912 ;

Winter, 19873 ; Gage, 1991; Perry, 1992) and based on

the routine gait analysis protocol used at the gait

analysis laboratory of the University Hospital of

Pellenberg (Catholic University of Leuven, Belgium).

Since EMG data were not studied in detail in the pre-

and postsurgery group, they could not be included in

the comparison of both interventions. An overview of

the selected parameters is given in Table 5. A brief

description of each parameter can be found in Tables 6

and 7.

Data analysis included comparison of these gait para-

meters, before and after BTX-A injections or surgery,

using a paired student t-test (comparison before and

after treatment within each group). By applying a

Bonferroni correction per group of parameters (kine-

matic and kinetic parameters) and per level (ankle,

knee, hip and pelvis) an appropriate level of signi®cance

was de®ned as P < 0.005.

Results

Analysis of the results illustrated that BTX-A treatment

and surgery are focusing on di�erent target groups of

children who have CP. The mean age of the children

treated with BTX-A was 6 years + 2 months (ranging

Table 4 Overview of the surgery procedures

with frequency for each procedure

applied in a group of 23 patients

Soft-tissue procedures Frequency Corrections of bony deformities Frequency

Lengthening medial hamstrings 41 VDRO 12

Lengthening lateral hamstrings 5 Derotation tibia 6

Strayer 20 Dega osteotomy 3

Tendon Achilles lengthening 6 Shelf procedure 1

Soleus stripping 2 Calcaneus lengthening 2

Percutaneous or open

adductor longus tenotomy

37 Epiphysiodesis proximal tibia 1

Rectus femoris transfer 30 Cuboid osteotomy 1

Lengthening of iliopsoas 9 Triple arthrodesis 1

Ree®ng tibialis posterior 2

Lengthening tibialis posterior 5

Split tibialis posterior transfer 1

Lengthening ¯exor hallucis longus 2

Lengthening ¯exor digitorum longus 1

Lengthening abductor hallucis 3

Lengthening Peronei11 2

Table 5 Overview of selected parameters

Level

Kinematic parameters

(joint angles)

Kinetic parameters

(internal moment

and power)

Pelvis 7 parameters (in three motion planes)

Hip 11 parameters (in three motion planes) 7 parameters

Knee 7 parameters (in sagittal plane) 4 parameters

Ankle, foot 9 parameters (in sagittal and transverse plane) 5 parameters

Time & distance 7 parameters

Single event multilevel BTX-A treatment and surgery 91
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from 4 years + 3 months to 9 years + 10 months).

Because of the inclusion criterion, all patients who were

too young for a full gait analysis were not selected,

resulting in a rather high mean age for the BTX-A

group in this study compared to clinical practice.

Nevertheless, at this age, gait was not fully mature

(Gage, 1991; Pellico et al., 1995) which justi®es the

selection of a conservative treatment (Borton et al.,

2001; Fabry et al., 1999; Zurcher et al., 1999).

The mean age of the children treated with multi-

level surgery was 13 years + 5 months (ranging from

7 years + 4 months to 21 years + 7 months). Not all

patients had follow-up at the University Hospital of

Pellenberg; therefore, surgery could not always be

planned at the optimal time. Accordingly, the upper

age of the surgical cohort is high as a result of the older

patients who presented to us at a late stage in their

growth and development.

The e�ect of both treatments is illustrated in Table 6

(kinematic parameters) and Table 7 (kinetic para-

meters). The mean data and standard deviation before

and after treatment for each group are presented, as

well as normative values for comparison (de®ned from

a group of 10 adult subjects).

Table 6 Mean of kinematic parameters and (SD) for the BTX-A group (n � 43 limbs) and the surgery group (n � 43 limbs) pre- and

post-treatment, and for a group of 10 normal adult subjects

BTX-A group Surgery group

Gait parameter Pre Post Sig. Pre Post Sig. Normal

Cadence 141.6 (15.3) 140.7 (18.1) 120.5 (16.8) 109.1 (17.5) * 120

Walking velocity (m/s) 1.06 (0.2) 1.03 (0.2) 0.9 (0.2) 0.8 (0.2) 1.35

Stride time (s) 0.85 (0.09) 0.86 (0.11) 1.02 (0.19) 1.12 (0.20) 0.98

Step time (s) 0.43 (0.05) 0.44 (0.05) 0.51 (0.10) 0.51 (0.10) 0.50

Stride length (m) 0.90 (0.14) 0.87 (0.18) 0.95 (0.13) 0.94 (0.19) 1.34

Step length (m) 0.45 (0.10) 0.44 (0.10) 0.48 (0.08) 0.48 (0.10) 0.68

Timing toe o� (% of gait cycle) 59.9 (2.2) 61.3 (3.3) 65.7 (4.8) 66.9 (4.3) 64

Pelvis mean anteversion (°) 20.1 (4.1) 20.9 (4.7) 19.3 (7.8) 20.6 (7.3) 14

Range of pelvic motion in sagittal plane (°) 8.6 (2.8) 8.3 (2.9) 9.9 (3.2) 7.2 (3.7) * 1

Range of pelvic obliquity (°) 13.2 (3.6) 12.6 (4.4) 9.7 (3.6) 9.7 (3.6) 12

Mean pelvic obliquity (°) 1.8 (6.1) 1.1 (5.5) 2.0 (6.7) 1.1 (5.9) 0

Range of pelvic rotation (°) 20.4 (5.4) 18.8 (5.5) 16.9 (8.1) 17.3 (7.1) 6

Mean pelvic rotation (°) 5.7 (12.3) 5.4 (13.6) 3.4 (15.4) 3.2 (11.5) 0

Hip ¯exion at initial contact (°) 43.2 (7.8) 43.8 (7.8) 45.5 (7.4) 43.4 (8.7) 38

Hip angle at terminal stance (°) )3.1 (6.5) )3.2 (8.0) 5 (8.6) 3.2 (9.4) )10
Range of Sagittal hip motion in stance (°) 46.5 (7.2) 46.8 (9.6) 36.8 (6.6) 37.2 (7.3) 48

Maximum hip ¯exion in swing (°) 47.5 (6.6) 47.6 (6.5) 48.6 (7.5) 46.1 (7.5) 37

Range of hip ab- and adduction (°) 18.6 (4.7) 16.7 (5.1) 12.7 (4.1) 11.4 (4.1) 15

Mean coronal hip angle in stance (°) 3.4 (4.6) 2.6 (5.2) 1.9 (5.1) )2.8 (5.9) * 3

Mean coronal hip angle in swing (°) )3.7 (4.2) )3.6 (3.9) )2.8 (4.5) )6.0 (4.5) * )3
Hip rotation angle at initial contact (°) 2.2 (9.6) 0.7 (9.3) 6.8 (11.2) )5.4 (10.8) * )7
Hip rotation angle at midstance (°) 10.0 (9.9) 8.9 (8.7) 8.3 (10.2) )1.8 (10.2) * 5

Hip rotation angle at terminal stance (°) 9.5 (10.5) 9.4 (9.6) 15.2 (9.0) 6.3 (11.0) * 7

Hip rotation angle at midswing (°) 9.2 (9.5) 7.5 (8.1) 12.6 (10.6) 7.1 (8.6) 6

Knee angle at initial contact (°) 25.3 (11.5) 24.5 (11.5) 34.5 (11.8) 20.3 (12.1) * 7

Maximum knee ¯exion in stance (°) 26.3 (11.5) 25.5 (12.1) 34.2 (16.7) 23.6 (12.6) * 19

Timing of knee extension motion (% gait cycle) 5.6 (5.9) 6.7 (5.2) 11.2 (5.7) 10.2 (6.2) 17

Knee angle at terminal stance (°) 5.9 (9.9) 1.6 (7.6) * 14.5 (16.4) 1.39 (14.0) * 0

Range of knee motion in sagittal plane in stance (°) 21.5 (7.7) 24.4 (8.0) 19.7 (8.6) 22.3 (8.7) 35

Maximum knee ¯exion in swing (°) 58.5 (7.0) 55.5 (7.9) 56.6 (9.8) 52.8 (9.8) 57

Amount of delayed knee ¯exion in swing (%) 28.8 (22.6) 26.9 (24.0) 21.3 (5.3) 18.5 (4.6) * 12

Ankle angle at initial contact (°) )6.7 (9.1) )0.37 (7.2) * )1.4 (10.4) 1.3 (6.0) 0

Maximum ankle dorsi¯exion angle between

loading response and midstance (°)
4.8 (7.6) 7.4 (6.6) 9.5 (10.4) 6.4 (7.0) 0

Range of ankle motion during push-o� (°) 20.7 (6.0) 17.9 (7.0) 22.5 (11.6) 16.2 (6.2) * 25

Timing of maximum ankle dorsi¯exion in stance (%) 38.3 (14) 47.7 (8.0) * 41.3 (15.0) 50.3 (8.9) * 50

Maximum ankle dorsi¯exion in stance (°) 3.5 (7.4) 10 (5.6) * 10.9 (14.2) 15.6 (6.4) 10

Ankle angle at mid-swing (°) )8.7 (8.0) )1.0 (7.0) * )2.1 (14.3) 4.3 (5.5) * )2
Range of ankle motion in swing (°) 16.0 (7.8) 10.3 (4.7) * 13.9 (10.0) 7.9 (4.5) * 18

Mean foot alignment in stance (°) 2.0 (12.0) )4.5 (12.6) * 7.5 (22.1) )6.6 (13.0) * )4
Mean foot rotation in stance (°) )4.9 (11.0) )8.7 (8.0) )0.6 (17.5) )10.2 (8.9) * )13
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Although no statistical comparison was done across

both treatment groups, the gait parameters before

treatment seemed to be substantially di�erent for both

groups. The BTX-A group showed higher cadence and

shorter step length compared to the surgery group,

relative to the di�erences in mean age (Sutherland

et al., 1980). At the ankle joint the involvement was

more pronounced in the BTX-A group as compared to

the surgical group. This was expressed by a higher

plantar ¯exion angle at initial contact ()6.7° for the

BTX-A group, compared with )1.4° for the surgery

group), by a higher frequency of a pathological plantar-

¯exion/knee-extension couple, and by the presence of

toe walking. Also, during swing, plantar ¯exion was

more pronounced for the BTX-A group as compared

with the surgery group (mean of )8.7° for the BTX-A

group and )2.1° for the surgery group). Thus, for the

children treated with BTX-A, the problems in the distal

joints were more pronounced as compared with those in

the surgical group. It should be noted that 10 of the 23

children in the surgery group received Achilles tendon

lengthening (ATL) at an early age, compared to one of

the 29 children of the BTX-A group.

At the knee and the hip, the gait deviations before

treatment were more pronounced in the surgery group

as compared with the BTX-A group. The increased hip

and knee ¯exion at initial contact and at terminal stance

seen in the surgical group indicates that crouch was

more common before intervention in this group, as

compared to the BTX-A group (perhaps related to the

high frequency of ATL at an early age). Additionally,

a decreased range of sagittal plane motion in hip

and knee during stance was more pronounced for the

surgery group, as well as a higher frequency of gait

deviations in the transverse plane (internal hip rotation

and internal foot alignment). Before treatment, pelvic

instability (de®ned as increased range of motion in the

three planes) was more pronounced in the BTX-A

group as compared with the surgical group.

Post-treatment (when compared with the baseline

condition), a larger number of signi®cantly di�erent

parameters (P < 0.005) were noticed for the surgical

group, with 22 signi®cant di�erences, as compared to

the BTX-A group, with 10 signi®cant di�erences.

Although multilevel treatment was applied to both

patient groups, the improvements were more equally

distributed to the ankle, knee and hip for the group

receiving multilevel surgery, whereas for the BTX-A

group, less pronounced and mainly nonsigni®cant

improvements were seen at the knee, hip and pelvis. It

should be noted, however, that children treated with

surgery were initially much more involved proximally

(at the knee and the hip) than the children in the

BTX-A group. After correction by multilevel surgery or

BTX-A injections, both groups showed more similar

gait patterns, at the knee and the hip in the sagittal

plane. Similar corrections were seen at the ankle joint

for both patient groups. However, these improvements

were usually slightly more pronounced for the BTX-A

group because greater gait deviations in the ankle were

seen at baseline in this group. Gait deviations in the

transverse plane were more frequently corrected in

the surgery group as compared with the BTX-A

group, because these deviations are often caused by

Table 7 Mean of kinetic parameters and (SD) for the BTX-A group (n � 43 limbs) and the surgery group (n � 43 limbs)

pre- and post-treatment, and for a group of 10 normal adult subjects

BTX-A group Surgery group

Gait parameter Pre Post Sig. Pre Post Sig. Normal

Maximum hip abduction moment in stance (Nm/kg) 0.7 (0.3) 0.7 (0.3) 0.57 (0.2) 0.51 (0.3) 0.8

Maximum hip extension moment in stance (Nm/kg) 0.70 (0.3) 0.59 (0.26) 0.84 (0.4) 0.74 (0.4) 0.6

Maximum hip ¯exion moment in stance (Nm/kg) )0.47 (0.2) )0.47 (0.2) )0.65 (0.3) )0.50 (0.2) * )0.6
Timing of 0 moment in hip (% of gait cycle) 34.1 (7.0) 33 (7.0) 35.5 (5.5) 33.9 (8.1) 30

Maximum knee ¯exion moment in stance (Nm/kg) )0.46 (0.2) )0.4 (0.18) )0.18 (0.4) )0.30 (0.4) )0.5
Maximum knee extension moment in stance (Nm/kg) 0.29 (0.2) 0.36 (0.2) 0.2

Ankle moment at loading response (Nm/kg) 0.85 (0.3) 0.52 (0.3) * 0.65 (0.3) 0.24 (0.2) * 0

Maximum plantar ¯exion moment in mid- and

terminal stance (®rst bump of double bump) (Nm/kg) 0.63 (0.2) 0.58 (0.2) 0.7 (0.3) 0.7 (0.2)

Maximum plantar ¯exion moment at preswing (Nm/kg) 0.81 (0.2) 0.95 (0.2) * 0.95 (0.4) 1.10 (0.2) 1.5

Maximum hip power generation in stance (W/kg) 1.3 (0.5) 1.1 (0.5) 1.44 (0.4) 1.01 (0.7) * 0.9

Maximum hip power absorption in stance (W/kg) )0.47 (0.3) )0.59 (0.4) )0.65 (0.3) )0.55 (0.5) )0.5
Hip power generation at preswing (W/kg) 0.81 (0.4) 0.97 (0.5) 0.97 (0.4) 0.86 (0.4) 1.1

Maximum knee power generation in stance (W/kg) 0.33 (0.4) 0.46 (0.6) 0.66 (0.5) 0.48 (0.4) 0

Maximum knee power absorption in stance (W/kg) )0.89 (0.8) )0.91 (0.6) )1.12 (0.5) )0.93 (0.5) 0

Ankle power absorption at loading response (W/kg) )1.33 (0.8) )0.82 (0.6) * )1.4 (0.5) )0.72 (0.5) * 0

Ankle power generation at preswing (W/kg) 1.15 (0.5) 1.18 (0.6) 1.31 (1.1) 1.1 (0.6) 3

*Signi®cant di�erence between pre- and postntervention P < 0.005.
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bony deformities that can not be corrected by BTX-A

injections.

Discussion

The present study con®rms the bene®t of both inter-

ventions in the correction of gait deviations in the

ambulatory child who has spastic cerebral palsy.

Accordingly, it supports the ®ndings of other resear-

chers who reported that gait improves after BTX-A

injections (Sutherland et al., 1996; Boyd and Graham,

1997; Motta, 1997; Corry et al., 1998; Boyd et al., 2000;

Graham et al., 2000) and after multilevel surgery

(Norlin and Tkaczuk, 1985; Deluca, 1991; Gage,

1991; Nene et al., 19934 ; Ounpuu et al., 2000).

Comparisons of baseline conditions and improve-

ments seen in both patient groups demonstrate that

these treatments have both similarities and di�erences.

The similarities centre around the common basic

principles applied in both interventions. The manage-

ment of CP has progressed rapidly in the past 20 years.

Based on the results of gait analysis and clinical

examination, the necessity for multilevel treatment in

one event has become apparent. For pure orthopaedic

interventions, Wenger and Rang (19935 ) convinced us

that the overall result is better if all major muscles

involved are lengthened and/or transferred during the

course of a single surgical procedure so that all lower-

extremity joints are balanced simultaneously. These

same principles are applied in the selection of target

muscles for BTX-A injections, such that treatment is

focused on the optimal alignment of the lower limbs

and pelvis in one course of injections.

Other similarities are seen in the approach of both

interventions. Any intervention works best when

adjunctive management such as physiotherapy, day

and night splints and casting are also used. Such an

integrated approach is only possible if a multidisciplin-

ary team is involved in the treatment of movement

disorders. Application of a rigorous orthotic manage-

ment and intensive rehabilitation programme is gener-

ally accepted after multilevel surgery. However, we are

convinced that such an integrated approach, with

casting, day and night splints and increased physio-

therapy, is also crucial in the success of a multilevel

BTX-A treatment (Molenaers et al., 1999a).

Di�erences between the interventions include age at

time of intervention, the pretreatment status and the

degree and level of postprocedural improvement. Age

at intervention is the main di�erence between the

groups in this study. The younger age of the children in

the BTX-A group appears to follow the guidelines

o�ered by Gage (1991), who advised that, whenever

possible, surgical intervention to improve gait should be

avoided until gait is matured, usually between the ages

of 8 and 10 years. Prior to that, children with CP should

be treated with nonoperative management (Borton

et al., 2001; Zurcher et al., 1999). BTX-A treatment

thus provides a `window of opportunity' to enhance

other forms of nonoperative management.

BTX-A injections may help to prevent contractures

and a number of studies have demonstrated that

injections of BTX-A, together with postinjection phy-

siotherapy and orthotic management, improve function

and may favourably in¯uence the pathological process

(Graham et al., 2000). Because repeated BTX-A injec-

tions can help to prevent the development of muscle

contractures and bony deformities if started at an

early age, such a treatment approach may result in a

reduction of the complexity of future surgery, and may

help to delay surgery until the optimal timing is

achieved (Zurcher et al., 1999). Multilevel surgery

treats the e�ect (secondary problems) but not the

primary cause (muscle tone). It is a correction of the

muscle contractures and bony deformities, resulting

from increased muscle tone and growth, which could

not be prevented by conservative treatment. Baseline

evaluations of both patient groups found that the

surgery group had a higher frequency of secondary

problems, including increased gait deviations in the

transverse plane (except pelvic instability) and a higher

incidence of crouch, as compared with the BTX-A

group. The increased incidence of crouch is likely to be

related to previous Achilles tendon lengthening (in 10

patients) (Borton et al., 2001). The apparent `stable'

pelvis for the surgery group can be seen as an indication

of proximal ®xation, which is a persisted pathological

use of hypertonia started at a young age in order to

improve stability. Young children learn to use such

hypertonia to obtain more functionality, and to ensure

control of posture and speci®c movement. Over the

long term, these originally ¯exible ®xations result in

®xed contractures, especially at the proximal joints

(pelvis and hip).

Figure 1 shows an example of proximal ®xation. The

pelvis instability of an 11-year-old girl with spastic

diplegia seemed to decrease after 1 year (because of a

decreased range of motion during one gait cycle).

However, by studying the results of the gait analysis

and clinical examination at the age of 6 and 7 years in

more detail, it became clear that the decreased range of

motion was due to proximal ®xation, to overcome the

increased problems of controlling posture and move-

ment.

Following multilevel BTX-A treatment, initiated at

an early age and combined with intensive physical

therapy sessions and appropriate orthotic management,

the use of hypertonia or co-contraction may become
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less necessary, allowing training of more normal loco-

motion and thereby avoiding secondary deformities.

For the group of 10 children who received ATL at an

early age, this pattern (early pathological proximal

®xation) was not recognized when planning surgery and

therefore they developed proximal secondary changes

that had to be corrected at a later stage (1998±1999).

Repeated multilevel surgery should be avoided where

possible (Rang et al., 1986) and the pathological gait

pattern should be corrected in one event. Multilevel

BTX-A injections in one event can be repeated,

improving the proprioception, selective motor control

and strength (Molenaers et al., 1999b6 ), thereby result-

ing in a higher functional level and, in that way, helping

to change the natural history of the pathological

process (Graham et al., 2000). In this context, it is also

important to note that for the BTX-A group, the

post-treatment gait analysis was conducted 2 months

after injections, while in the surgery group, the postop-

erative gait analysis was conducted 1 year after surgery.

However, the long-term e�ect of BTX-A treatment,

within an integrated multidisciplinary approach, has

been described previously by a long duration between

repeated injections (Molenaers, 1999a). Between Feb-

ruary 1996 and April 1999, we administered 316 BTX-A

treatments at the University Hospital of Pellenberg,

including 64 re-injections, with a mean duration

between injection sessions of 11.2 months (not inclu-

ding the patients who did not require a second BTX-A

treatment).

In the present study, we found that gait signi®cantly

improved in both treatment groups; however, in the

surgical group, the improvements were more numerous

and more equally distributed to all levels. The greater

risks of multilevel surgery should also be considered

along with the greater bene®ts. Surgical complication

rates are not insigni®cant; some children deteriorate

and some may lose independent walking. In the surgical

group, a complication rate of 23% was observed,

including an avascular necrosis (femoral head), a

temporary peroneal nervous palsy, a refracture of the

femur 3 weeks after VDRO, a sciatic nerve palsy, and

di�culties in re-achieving independent walking for

three patients. Moreover, 50% of the children of the

surgery group had received surgery previously. These

children failed to preserve their improved motor func-

tion after the initial surgical procedure. For these

children, the involvement of the proximal joints was not

recognized at the time of initial surgery, because of lack

of objective three-dimensional evaluation and a result-

ing lack of insight into the motor problems. The

combination of new knowledge collected from three-

dimensional gait evaluation and the use of tone-

reduction modalities (e.g. BTX-A) at all involved levels

allows for an evolution from a more reactive problem-

solving approach towards a proactive prevention-

strategy.

BTX-A treatment is reversible and hence has a low

risk of severe complications. Apart from temporary

weakness (which was not seen as a major side-e�ect), no

meaningful complications were observed in the BTX-A

group. It is also important to note that after BTX-A

injections only lower leg casts were applied. Previous

studies (Molenaers et al., 1999b; Boyd et al., 2000;

Desloovere et al., 2000) have demonstrated that stretch-

ing casts combined with BTX-A injections are a crucial

factor that contributes to the e�ect of BTX-A treat-

ment. These casts can positively in¯uence early con-

tractures, and have also been found to help prolong

treatment bene®t and contribute to more pronounced

improvements in the ankle joint (kinematics and

kinetics) (Molenaers et al., 1999b). In the BTX-A

group, the bene®ts of this combined treatment mainly

apply to the distal joints. Although mean changes were

not signi®cant, evaluation of individual outcomes in

this study ± and in our ongoing studies and clinical

experience ± suggests that certain children with CP do

substantially improve their proximal gait parameters of

hip and pelvis after multilevel BTX-A injections, as

long as these problems are still dynamic.

Figure 2 is an example of an improved proximal gait

pattern (hip rotation) 2 months after multilevel BTX-A

treatment (a 6-year-old boy with a left spastic hemiple-

gia, who received BTX-A injections in the psoas muscle,

the medial hamstrings, the adductors, the gastrocnem-

ius, the soleus and the tibialis posterior).

While exclusive use of each treatment option was

evaluated in this study, we acknowledge that in the

–15

15

5

–5

Pelvis obliquity at the age of 6 years
Pelvis obliquity at the age of 7 years
Normal pelvis obliquity

Figure 1 Pelvis obliquity of a child with spastic diplegia (left side),

during one gait cycle, at the age of 6 and 7 years, compared to

normal pelvis obliquity (adult).
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clinical setting, these treatments can also be comple-

mentary. For some children, we use a combination of

surgery (lever arm-correction) and BTX-A injections,

because lengthening of certain contracted muscles is

contra-indicated. For example, lengthening the psoas

tendon may be contra-indicated if gait analysis indi-

cates that the main power is generated at the hip

joint with absence of meaningful power generation

at the ankle joint. In such cases (including six

patients from the surgery group in this study), a com-

bination of psoas injections with other multilevel

surgical procedures may be a successful interventional

strategy, which minimizes inherent risks (Molenaers

et al., 1999c).

BTX-A treatment also has an important role as a

method of presurgical evaluation. For some children

with CP, including those with severe underlying low-

tone or with cognitive impairment, the results of

surgical intervention may be unpredictable. A reversible

intervention may help guide decision-making when

making the assessment of an appropriate treatment

option. For these children, the orthopaedic surgeon can

evaluate how the child deals with intensive physiother-

apy and orthotic management following a multilevel

BTX-A treatment, in order to minimize the unpredict-

ability of multilevel surgery. In this context, a perfectly

tuned multilevel BTX-A treatment can also be used to

simulate the e�ect of selective dorsal rhizotomy, in

order to select appropriate candidates for this irrevers-

ible intervention. We are convinced that treatment with

BTX-A is very useful in evaluating the potential

bene®ts of orthopaedic and neuro-surgery, and that it

increases the predictability of the surgical outcome.

Furthermore, we are convinced that an optimally timed

multilevel BTX-A treatment, incorporating an integra-

ted approach (including intensive physical therapy and

orthotic management), will improve functional motor

capacities and may delay and/or minimize any surgical

intervention.

Conclusion

The present study con®rmed the bene®ts of both mul-

tilevel BTX-A treatment and multilevel surgery. It also

made clear that multilevel BTX-A injections and

multilevel surgery, as practised in our centre, focus on

di�erent patient groups. Children with CP who undergo

multilevel surgery are older (with a mature gait) and

show a higher frequency of secondary anomalies

(muscle contractures and bony deformities), as com-

pared with children treated with BTX-A injections. In

the surgical group, the patients made more improve-

ments in the proximal joints as compared to the BTX-A

group; however, the pretreatment condition for the

patients who were managed surgically was more severe.

These results imply that multilevel treatment should

start at an early age, while gait patterns are still ¯exible,

so as to try to prevent the development of severe

secondary structural deformities in the proximal joints.

In our hands, these interventions are viewed as

complementary rather than mutually exclusive, and

may be used concurrently or sequentially to great

bene®t. Furthermore, prevention is better than cure and

secondary problems should be avoided whenever poss-

ible. Repeated multilevel BTX-A treatments, started at

an early age, combined with casting, orthotic manage-

ment and physiotherapy could help to prevent muscle

contractures and severe bony deformities. This, in turn,

may help to prevent, delay, ®ne-tune and/or minimize

any surgical intervention required to deliver the desired

outcome for a given patient. Once again, the results of

this study compel us to con®rm that a multidisciplinary

approach is essential in the management of children

with CP.
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Hip rotation pre BTX-A

External rotation
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–30
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Hip rotation post BTX-A
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Right  hip rotation
Left hip rotation
Normal hip rotation

Figure 2 Hip rotation for one gait cycle

(bilaterally) pre- and 2 months postmulti-

level BTX-A treatment, for a 6-year-old

boy with a left hemiplegia compared to

normal hip rotation (adult).
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