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Investigation performed at University Hospital Pellenberg, Pellenberg, Belgium

Background: The limits of nonoperative treatment for children with cerebral palsy, including physical therapy and
orthotics, commonly lead to orthopaedic surgical intervention. The purpose of the present study was to evaluate the
influence of gait analysis and botulinum toxin type-A injections on the timing, prevalence, and frequency of ortho-
paedic surgery.

Methods: We performed a retrospective review of 424 children with cerebral palsy who had been born between 1976
and 1994. The children were divided into three groups: Group 1 comprised 122 patients who were managed through-
out the entire study period according to best-practice guidelines in orthopaedics, Group 2 comprised 170 patients
who were similarly managed but with input from gait analysis, and Group 3 comprised 132 patients who had gait
analysis and also received botulinum toxin type-A injections. We analyzed the prevalence of orthopaedic surgical pro-
cedures at different ages (three to nine years) and the time to the first surgical procedure.

Results: The progression to orthopaedic surgery was significantly different among the three groups (p < 0.0001).
The proportion of patients who had undergone at least one surgical procedure by the age of seven years was 52%
(sixty-four of 122) for Group 1, 27% (forty-six of 170) for Group 2, and 10% (thirteen of 132) for Group 3. There was a
delay in surgery in Group 2 as compared with Group 1 (p < 0.00001 at seven, eight, and nine years of age) and a sig-
nificant decrease in the prevalence of orthopaedic surgical procedures for Group 3 as compared with Group 1 (p <
0.00001 at four to eight years of age) and Group 2 (p < 0.0025 at four to nine years of age). 

Conclusions: In the treatment of children who have cerebral palsy, the introduction of gait analysis increases the age
of the first orthopaedic surgical procedure and botulinum toxin type-A treatment delays and reduces the frequency of
surgical procedures.

Level of Evidence: Therapeutic Level III. See Instructions to Authors for a complete description of levels of evidence.

hildren with cerebral palsy present with a variety of
motor problems that can change with growth and
development1-4. Primary motor problems and associ-

ated secondary problems typically cause gait disturbance.
Primary motor problems are directly related to a lesion in
the central nervous system and influence muscle tone (defined
as a velocity-dependent increase in tonic stretch reflexes)5,6,
balance, strength, and selective motor control of different
muscle groups. Secondary problems, primarily static muscle
contractures and osseous deformities, develop slowly over
time in response to the primary motor problems and
growth3,7,8. Orthopaedic surgical intervention to improve gait
should be postponed, if possible, until motion patterns are
well established3,8-10. Newly developed motion patterns are

characterized by inconsistency or large intrasubject variabil-
ity3. Careful gait evaluation may define the age of consistent
gait for normal children and for children with cerebral
palsy11-15. Operative treatment before the attainment of a
well-established gait pattern is associated with a higher risk
of failure and relapse with less predictable results3,8-10. There-
fore, it is generally recommended that surgical intervention
to improve gait should be delayed until gait is well estab-
lished as a stable motion pattern, usually between the ages of
eight and ten years11-15.

Nonoperative options for the treatment of motor
problems in patients with cerebral palsy include physical and
occupational therapy, orthotics, serial casting, and oral medi-
cation. Physical and occupational therapy remain corner-
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stones in the treatment of cerebral palsy16-21. In addition to the
importance of stretching, strengthening, and proprioceptive
exercises in maximizing patient function, these exercises are
crucial to optimizing the success of other medical and surgical
interventions. The use of stretching casts reduces muscle con-
tractures and has beneficial effects on gait22-26. Casting also may
affect motor-neuron excitability in a hyperactive muscle group
as increased muscle length and stretching of connective tissues
result in spindle afferents being “unloaded” at a given joint
position3,6,27. Daytime and nighttime orthoses are utilized to
help to delay the development of contractures, to enhance
function, to provide biomechanically optimal alignment, and
to allow proprioceptive training26,28,29. The use of orally admin-
istered medications, such as baclofen, diazepam, dantrolene
sodium, and tizanidine, can be helpful in selected patients
with cerebral palsy for whom generalized reduction in tone is
desired30,31. Operative treatment typically is indicated when
major secondary problems are recognized and when there is
an insufficient response to nonoperative treatment. The aim of
operative treatment is to lengthen and/or transfer all major in-
volved muscles and to correct all osseous deformities (to im-
prove lever-arm dysfunction) during a single anesthetic
procedure so that the lower extremity joints are balanced and
realigned simultaneously.

Botulinum toxin type A (BoNTA) (BOTOX; Allergan, Ir-
vine, California) is a relatively new treatment for children who
have cerebral palsy. The selective and temporary chemical den-
ervation of the muscle with use of this medication facilitates the
direct treatment of primary motor problems by balancing mus-
cle forces across joints32-38. On this basis, it may positively influ-
ence the pathologic process of cerebral palsy. To achieve the
optimal response, early treatment with botulinum toxin type A
is preferable39-42. The first clinical trial of botulinum toxin type A
in patients with cerebral palsy was performed in 1993 by Ko-
man et al.32, who assessed the effectiveness of intramuscularly
injected botulinum toxin type A in twenty-seven children with
cerebral palsy. Clinical changes in gait and reduction in spastic-
ity lasted three to six months. Later studies demonstrated simi-
lar positive short-term outcomes (at six months or less)
following treatment with botulinum toxin type A33-38. However,
there is a lack of long-term outcome studies of botulinum toxin
type A treatment in children with cerebral palsy43.

There are clear advantages to delaying surgery until the
patient is eight years of age or older. Before this age, the recur-
rence rate or the need for a secondary procedure for equinus
gait increases in children who have undergone Achilles ten-
don-lengthening procedures3,9,10. Moreover, before the age of
eight years, the gait of children with cerebral palsy is not yet
well established and is characterized by inconsistency or large
intrasubject variability, which complicates a clear recognition
of all major problems in gait and motor function3. Delp et al.44

provided evidence that surgical procedures on soft tissue af-
fect the moment-generating capacity, indicating that repeated
muscle-lengthening should be avoided to prevent weakness.
Wenger and Rang45 showed that the overall result is better if all
major muscles that are involved are lengthened and/or trans-

ferred during a single surgical procedure so that all lower ex-
tremity joints are balanced simultaneously. Therefore, single-
event multiple-level surgery is recommended and should be
delayed until the gait is well established.

Objective three-dimensional gait analysis is achieved by
means of kinematic, kinetic, and surface electromyographic
studies in combination with careful clinical examination3,46,47.
Gait analysis helps to identify muscles that are causing patho-
logical motion patterns, provides better insight into the com-
plexity of the motor problems, and makes possible the early
detection of multiple-level problems as well as the recognition
of inconsistent gait and the impact of the primary neurological
disorder on gait. The findings of objective three-dimensional
gait analysis may facilitate the use of alternative treatment mo-
dalities, such as botulinum toxin type A injections.

The objective of the present study was to evaluate, longi-
tudinally, the possible effects of gait analysis and botulinum
toxin type A treatment as a complement to nonoperative
treatment in children with cerebral palsy and the effects of
such a combination on the progression to surgical interven-
tion. We hypothesized that, for children with cerebral palsy,
the use of three-dimensional gait analysis and botulinum
toxin type A injections, together with active motor training
and suitable orthotic management, would delay the progres-
sion to surgical intervention and would reduce the prevalence
of single-event orthopaedic surgery.

Materials and Methods
Patients

he present study was based on a retrospective review of
the charts of 2000 children with cerebral palsy who had

been born between 1976 and 1994 and had been regularly
treated at the outpatient clinic of our institution between 1976
and 2001. Between 1976 and 2001, there were two clear addi-
tions to the treatment strategy at our institution: (1) the addi-
tion of three-dimensional gait analysis in 1990 and (2) the use
of botulinum toxin type A treatment in 1996. Therefore, the
present study focused on three distinct periods, excluding the
years during which the new treatment strategies were set up
but not yet standardized. The first evaluation period focused
on children who were seven to nine years of age from 1985 to
1989, the second evaluation period focused on children who
were seven to nine years of age from 1996 to 1997, and the
third evaluation period focused on children who were seven to
nine years of age from 2000 to 2001. Children who were seven
to nine years of age from 1990 to 1996 were not included in
the study because the gait-analysis equipment and methodol-
ogy were standardized at our institution during those years.
By 1996, the gait-analysis procedure was well standardized
and the multidisciplinary team had acquired the necessary ex-
pertise to use the additional information in the clinical deci-
sion-making process. Children who were seven to nine years
of age from 1997 to 2000 were excluded from the study be-
cause botulinum toxin type A was only gradually being intro-
duced as an available treatment option during those years. By
focusing on children who were between seven and nine years

T



163

 TH E JO U R NA L OF BONE & JOINT SURGER Y ·  JBJS .ORG

VO LU M E 88-A ·  NUMB ER 1 ·  JA NU A R Y 2006
EFFE C TS OF GA I T ASSESSMEN T AND BOTULINUM TOX IN A 
ON MUSCULOSKELE TAL SURGER Y IN CEREBR A L PALSY

of age from 2000 to 2001, we ensured that botulinum toxin
type A treatment was well standardized and was available for
all children at a young age.

Patients were included in the present study if they had
(1) predominantly spastic hemiplegia or diplegia; (2) a mini-
mum duration of follow-up of two years at the pediatric or-
thopaedic clinic; (3) a well-documented clinical history; (4) a
history of appropriate physical and occupational therapy; (5)
a history of daytime and nighttime use of orthoses; and (6) the
capacity to walk at the time of the first clinical examination (at
the time of intake into the study). The latter parameter was in-
cluded to estimate the locomotor prognosis and to ensure that
the children were relatively comparable with regard to motor
capacity. At the time of the first clinical examination by the
multidisciplinary team at our institution (defined as the age at
the time of intake into the study), walking status was catego-
rized as (1) independent, (2) limited assistance (walking with
the support of one hand), (3) substantial assistance (walking
with support or with walking aids), and (4) no independent
walking (Table I). Some young children who were severely re-
stricted on the basis of their walking status at the time of the
first clinical evaluation started walking independently during
the course of their motor development.

The progression to surgery was studied until the age of
nine years because of the accepted advantages of delaying sur-
gery until that age.

A total of 424 children met the inclusion criteria (Table
I) and were divided into three groups on the basis of the pre-
viously mentioned evaluation periods. Patients in each group
were managed according to the best-practice guidelines of pe-
diatric orthopaedics at that time. All children were managed
by the same multidisciplinary team, according to the same
basic principles. Group 1 comprised 122 children who were
seven to nine years of age from 1985 to 1989. They were
managed according to best-practice guidelines of pediatric
orthopaedics at that time, but without the input from three-
dimensional gait analysis and without botulinum toxin type
A treatment. Group 2 comprised 170 children who were
seven to nine years of age from 1996 to 1997. In addition to
the use of the best-practice guidelines, important input on
dynamic motor capacities was obtained with use of objective
three-dimensional gait analysis. Gait analysis was planned at
the first time the patient was clinically evaluated by the multi-
disciplinary team, but not before the age of four years, to
identify the muscles and lever-arm dysfunctions that were
causing pathological motion patterns. Gait analysis was re-
peated each time there was a need for more information re-
garding the complexity of the motor problems and before
and after each operative or botulinum toxin type A treat-
ment. Group 3 comprised 132 children who were seven to
nine years of age from 2000 to 2001. For this group, the treat-
ment approach was similar to that for the second group, but

TABLE I Characteristics of 424 Children with Cerebral Palsy

Characteristics Group 1 (N = 122) Group 2 (N = 170) Group 3 (N = 132)

Diagnosis

Diplegia 83 (68%) 95 (56%) 80 (61%)

Hemiplegia 39 (32%) 75 (44%) 52 (39%)

Mean age (and standard deviation) at time of 
intake into the study (yr)

4.4 ± 2.3 5.4 ± 2.4 3.3 ± 1.6

Mean duration of follow-up (and standard deviation) (yr) 4.6 ± 2.3 3.6 ± 2.4 4.7 ± 1.5

Walking status at time of intake into the study

Independent 64 (52%) 83 (49%) 57 (43%)

Limited assistance (support of 1 hand) 29 (24%) 46 (27%) 42 (32%)

Substantial assistance (supported or with walking aids) 26 (21%) 37 (22%) 28 (21%)

No independent walking 3 (2%) 4 (2%) 5 (4%)

Use of daytime orthoses

Not used 23 (19%) 41 (24%) 11 (8%)

Not frequently used (<50% of the day) 34 (28%) 32 (19%) 24 (18%)

Intensively used (≥50% of the day) 65 (53%) 97 (57%) 97 (73%)

Use of nighttime orthoses

Not used 37 (30%) 46 (27%) 24 (18%)

Not frequently used (<25% of the night) 30 (25%) 54 (32%) 49 (37%)

Intensively used (≥25% of the night) 55 (45%) 70 (41%) 59 (45%)

Physiotherapy

No physiotherapy 4 (3%) 8 (5%) 2 (2%)

Limited physiotherapy 47 (39%) 56 (33%) 52 (39%)

Intensive physiotherapy (≥2 sessions/week) 71 (58%) 106 (62%) 78 (59%)
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botulinum toxin type A injections could be utilized. The first
treatment with botulinum toxin type A usually was planned
for when the patient was between the ages of two and four
years. It should be noted that botulinum toxin type A treat-
ment was not an inclusion criterion for Group 3 but rather was
available as a treatment option in Group 3. Botulinum toxin
type A treatment in Group 3 was administered only when it
was indicated by an insufficient response to a conservative ap-
proach, such as intolerance of day and night splinting, develop-
ment of fixed-muscle contractures, a decrease in functionality,
and no further improvement following physiotherapy.

Outcome Parameters 
Outcome parameters included the age of the patient at the
time of each orthopaedic surgical intervention, the type of
surgery (one level or multiple levels), the procedures per-
formed (correction of soft-tissue abnormalities and/or os-
seous deformities), the total number of surgical interventions,
the age at the time of each gait analysis, and the age at the time
of each treatment with botulinum toxin type A. The diagnosis,
the intensity of physical therapy, the frequency of use of day-
time and nighttime orthoses, and the ability to walk at the
time of the first clinical examination were defined as covari-
ates for each patient.

Operative Procedures
Orthopaedic surgery was indicated when secondary problems,
including structural muscle contractures, osseous deformities,
and lever-arm dysfunction, largely limited motor function as
determined on the basis of observation and clinical examina-
tion and, for Groups 2 and 3, three-dimensional gait analysis48,49.
In the present study, soft-tissue surgery included lengthening
of the psoas50,51, adductor longus (and brevis)52,53, and medial
hamstrings54,55; transfer of the rectus femoris to either the
gracilis or semitendinosus muscles56,57; procedures involving the
gastrocnemius58, including Achilles tendon lengthening59; pero-
neal muscle lengthening60; tibialis posterior lengthening61 or
split transfer62; tibialis anterior split transfer63; and flexor hallucis
longus and abductor hallucis lengthening64. Osseous deformi-
ties were corrected by means of acetabular procedures (acetabu-
loplasty)65-68, proximal femoral varus derotation osteotomy69,
distal tibial derotation osteotomy70, and foot stabilization sur-
gery (calcaneus lengthening combined with medial soft-tissue
shortening, or subtalar arthrodesis)71,72. 

Three-dimensional analysis of gait in Groups 2 and 3
and clinical examination by the multidisciplinary team were
used to define the treatment goals, to describe the pattern of
motion of each joint, and to identify the muscles and osseous
deformities that caused pathological patterns, according to
which treatment could be modified36. Included in the full
three-dimensional gait analysis were kinematic and kinetic
data obtained with use of a six-camera VICON motion-capture
system (VICON Motion Systems; Lake Forest, California) and
two AMTI force-plates (Advanced Mechanical Technology,
Watertown, Massachusetts), combined with surface electro-
myography (sixteen-channel L-Lab EMG system, The Neth-

erlands) of seven lower-extremity muscles on both limbs. The
follow-up gait analysis facilitated an objective evaluation of
outcomes, which helped to refine the overall treatment strategy
for each child. By carefully evaluating the treatment outcome,
we were able to track the child’s development of new motor
abilities. Generating a new baseline of the patient’s gait pattern
also allowed for the development of new recommendations
aimed at preserving the therapeutic benefits.

Botulinum toxin type A treatment was administered only
as a result of an insufficient response to nonoperative treatment
(such as an intolerance to orthotics, the development of fixed-
muscle contractures, a decrease in functionality, and a lack of
further improvement in response to physiotherapy) and was ap-
plied according to the integrated approach described by us in a
previous study29. A dilution of 100 units (U) botulinum toxin
type A in 2 mL of saline solution was used. Each selected muscle
was injected at multiple sites, to a maximum of 50 U per site,
while the child was sedated with mask anesthesia. The dosage at
the time of the study (calculated according to the number of se-
lected muscles and total body weight) ranged from 14 to 31 U/kg
body weight for children with diplegia and from 6 to 23.5 U/kg
body weight for children with hemiplegia29,36. For each treated
lower extremity, one to six muscles were injected during one ses-
sion. The muscles that were most frequently targeted for injec-
tion were the gastrocnemius and the medial hamstrings; other
targeted muscles included the soleus, the tibialis posterior, the
adductors, and the iliopsoas. Botulinum toxin type A injections
were combined with conservative treatment options (physio-
therapy, orthotic management, and stretching casts) as needed.

Statistical Methods
Statistical analysis was performed under the supervision of the
university’s Department of Public Health and Biostatistical
Centre. Factors that could influence the progression to surgery
were compared among the three groups with use of the chi-
square test. The frequency distribution for the first session of
surgery at different ages for the three study groups was first
analyzed with the chi-square test. Similar frequency distribu-
tions for the second and third sessions of surgical intervention
also were calculated at different ages and for different types of
surgery. With the application of a Bonferroni correction to de-
fine the overall type-I error for five chi-square tests, an appro-
priate level of significance was defined as p < 0.01. Survival
analysis was then used to evaluate the period leading up to the
first surgery, taking into account the dependence of different
covariates on the risk of surgery. The covariates were defined
as the diagnosis, the intensity of physical therapy, the fre-
quency of use of daytime orthoses, the frequency of use of
nighttime orthoses, and the walking status at the time of the
first clinical examination. The time of the first contact in the
outpatient clinic was considered to be the time of origin in the
study, and estimations of survivor functions were calculated
with use of the Kaplan-Meier method. The log-rank test was
used to assess the significance of the differences in obtained
survivor functions, taking into account the censored observa-
tions and considering 1% as the level of significance.
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Results
he inclusion criteria were met by 424 patients (Table I).
The mean age (and standard deviation)  at the time of the

initial evaluation was 4.4 ± 2.3 years for Group 1, 5.4 ± 2.4
years for Group 2, and 3.3 ± 1.6 years for Group 3. Because of
the strict inclusion criteria, all patients in the present retro-
spective study had to have had well-documented follow-up at
the pediatric orthopaedic clinic until the age of seven years or
older; therefore, no patient was lost to follow-up before the
age of seven years. All children in Groups 1 and 2 were fol-
lowed until the age of nine years; forty (30%) of the 132 chil-
dren in Group 3 had not reached the age of nine years at the
time of data collection. The mean duration of follow-up for
these children was 4.7 ± 1.5 years. The lack of follow-up in the
last two years (censored observations) did not bias the results
because it was taken into account in the frequency distribu-
tions (Fig. 1), in the Kaplan-Meier survival analysis, and in the
log-rank test (Fig. 2, Tables II and III).

The three groups showed similar distributions in terms
of baseline characteristics (Table I), including the topo-
graphic classification and the ability to walk at the time of the
first clinical evaluation. Botulinum toxin type A injections,
which were only applied as a result of an insufficient response
to a conservative approach, were administered to 115 (87%) of
the 132 patients in Group 3 before the age of seven years. Ex-
cept for the use of daytime orthoses, the distribution of physi-
cal therapy and orthotic conditions did not differ among the
three groups. Intensive use of daytime orthoses during follow-
up was most often seen in Group 3 (p < 0.002) (Table I).

All children in Groups 1 and 2 were followed until the age
of nine years. In Group 3, sixteen of the 132 children had not
reached the age of eight years and forty of the 132 children had

not reached the age of nine years at the time of data collection.
By the age of seven years, sixty-four (52%) of the 122 patients in
Group 1 had undergone at least one surgical procedure, com-
pared with forty-six (27%) of the 170 patients in Group 2 and
thirteen (10%) of the 132 patients in Group 3. By the age of
eight years, seventy-three (60%) of the 122 patients in Group 1
had undergone at least one surgical procedure, compared with
fifty-two (31%) of the 170 patients in Group 2 and fourteen
(12%) of 116 patients in Group 3. By the age of nine years,
seventy-nine (65%) of the 122 patients in Group 1 had under-

T
TABLE II Percentile Estimates for Median Survival Times 

Before First Surgical Session 

Percentile
Group 1

(N = 122)
Group 2

(N = 170)
Group 3

(N = 132)

50 6.8 years 9.8 years —

25 5 years 6 years —

10 3 years 3.3 years 8.3 years

TABLE III Survival Estimates at the Age of Nine Years, 
with Surgery as the End Point

Walking Status
Group 1

(N = 122)
Group 2

(N = 170)
Group 3
(N = 92)

Independent 53% 63% 100%

Limited assistance 21% 59% 80%

Substantial assistance
or no independent walking

21% 47% 80%

Fig. 1

Frequency distributions for patients who underwent surgery at different ages. There was a significant de-

crease in the frequency of surgery for Group 3 as compared with Group 1 (p < 0.005) for the age of 

three years, p < 0.00001 for the ages of four to eight years, and p < 0.001 for the age of nine years) 

and Group 2 (p < 0.0025 for the ages of four to eight years and p < 0.01 for the age of nine years, tak-

ing into account that sixteen of the 132 children in Group 3 had not reached the age of eight years and 

forty of the 132 children in Group 3 had not reached the age of nine years at the time of data collection.
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gone at least one surgical procedure, compared with sixty-five
(38%) of the 170 patients in Group 2 and fourteen (15%) of
ninety-two patients in Group 3. The difference between the
prevalence of surgery in Groups 1 and 2 was significant at seven,
eight, and nine years of age (p < 0.00001, chi-square test). There
was a significant decrease in the frequency of surgery in Group
3 as compared with Group 1 (p <0.005 for the age of three
years, p < 0.0001 for the ages of four to eight years, and p <
0.001 for the age of nine years) and Group 2 (p < 0.0025 for the
ages of four to eight years, and p < 0.01 for the age of nine
years). The rate of survival, with the occurrence of the first sur-
gical procedure as the end point, was significantly different
among the three groups for the ages of three to nine years (p <
0.0001, log-rank test) (Fig. 2). The median for survival was
found to be 6.8 years for Group 1, 9.8 years for Group 2, and
was never reached for Group 3 (Table II).

Survival analysis revealed differences among the four
walking-status categories with regard to the risk of surgery (Ta-
ble I). Although the baseline distribution with regard to walking
status was similar among the three treatment groups, evalua-
tion of the impact of covariates on the risk of surgery revealed a
significant influence of walking ability at the time of the initial
clinical evaluation. The survival estimates at the age of nine
years are given in Table III. By the age of nine years, the propor-
tion of patients who had not had surgery was always higher in
Group 2 as compared with Group 1. These differences between
Groups 1 and 2 were most pronounced for the children who
walked with limited assistance (59% [101 of 170] for Group 2,
compared with 21% [twenty-six of 122] for Group 1) and for
the children who walked only with substantial assistance or who
could not walk independently (47% [eighty of 170] for Group
2, compared with 21% [twenty-six of 122] for Group 1) at the
time of the initial clinical evaluation (at a mean age of 4.4 years

for Group 1 and of 5.4 years for Group 2). In Group 3, progres-
sion to surgery was never seen among the children who were
able to walk at the time of the initial clinical evaluation (mean
age, 3.3 years). The survival rate for Group 3 was 80% (106 of
132), with surgery being performed only for children who
walked with limited assistance, and children who walked with
substantial assistance, or children who could not walk indepen-
dently at the time of the initial evaluation.

Analysis of the frequency distributions for the second
surgical intervention by the age of seven years revealed that
eleven (21%) of fifty-two children in Group 1 needed two sur-
gery sessions, six (14%) of forty-three children in Group 2
needed two surgery sessions, and none of the children in
Group 3 needed more than one surgery session. Before the age
of thirteen years, fifty-five (45%) of the 122 children in Group
1 and twenty-four (41%) of fifty-nine children in Group 2
needed a second surgical procedure. No conclusions could be
made about the children in Group 3 because they had not
reached the age of thirteen years by the time of data collection.
By the age of nine years, none of the twelve children in Group
3 who had had one session of surgery needed a second session
of surgery, compared with nineteen (26%) of the seventy-four
children in Group 1 and fourteen (21%) of the sixty-eight
children in Group 2.

The frequency of single surgical interventions (Achilles
tendon lengthening) as well as multiple-level interventions
(other soft-tissue surgery with or without correction of os-
seous deformities) during the first session of surgery is pre-
sented in Figure 3. By the age of seven years, forty-seven
(39%) of the 122 patients in Group 1, thirty-four (20%) of the
170 patients in Group 2, and three (3%) of 116 patients in
Group 3 underwent Achilles tendon lengthening, whereas
multiple-level surgery was performed for seventeen (14%) of

Fig. 2

Kaplan-Meier survival curves, with the occurrence of the first surgical procedure as the end 

point, for all 424 patients. The survival rate was significantly different among the three groups 

for the ages of three to nine years (p<0.0001, log-rank test). The standard error of the Kaplan-

Meier estimates was 0.48 for Group 1, 0.71 for Group 2, and 0.11 for Group 3.
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the 122 patients in Group 1, nineteen (11%) of the 170 pa-
tients in Group 2, and eight (7%) of 116 patients in Group 3.

Discussion
ur intermediate-term results suggest that a multiple-level
treatment approach involving physical and occupational

therapy, orthotic treatment, and botulinum toxin type A
treatment should start at a young age, when gait patterns and
motor capacities are not yet well established. Our results sug-
gest that the treatment of primary motor problems with botu-
linum toxin type A can delay the development of secondary
problems until at least the age of nine years.

The differences in the risk of surgery between Group 1
and Group 2 became clear at the age of approximately six
years (Fig. 1). The survival rate at the age of twelve years, with
the first surgical procedure as the end point, was 27% for
Group 1 and 42% for Group 2. For these children, the use of
three-dimensional gait analysis for Group 2 was the only dif-
ference in follow-up data. Gait analysis was planned each time
there was a need for more information about motor problems
to define the optimal treatment plan as well as before and after
each nonoperative or operative intervention. The children in
Group 3 will reach the mean age of twelve years in 2006. The

survival rate at the age of seven years, with the first surgical
procedure as the end point, improved from 48% for Group 1
to 69% for Group 2 and to 90% for Group 3 (Fig. 2).  Before
the age of thirteen years, 45% (fifty-five) of the 122 children in
Group 1 and 41% (twenty-four) of fifty-nine children in
Group 2 needed a second session of surgery. Although no con-
clusions could be made about the follow-up of children in
Group 3 until the age of thirteen years, none of the ninety-two
children in Group 3 who reached the age of nine years needed
a second session of surgery. The improved motor function af-
ter the initial surgical procedure could not be maintained.
Therefore, the risk-benefit ratio of surgery38 also should be
considered, as should the physical, social, and psychological
impact of repeated surgery73.

Although the aim of the multiple-level treatment ap-
proach was to lengthen and/or transfer all major muscles that
were involved and to correct all osseous deformities and lever-
arm dysfunction during the course of a single surgical pro-
cedure, multiple-level involvement was not always properly
recognized at the time of the initial surgery session for the
children in Group 1 because of a lack of objective three-
dimensional gait analysis. Therefore, Achilles tendon lengthen-
ing at a young age was a common procedure for these children.

O

Fig. 3

Frequency distributions for patients who underwent single-level surgery (Achilles tendon length-

ening) and multiple-level surgery at different ages. 
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As previously discussed, there are clear advantages of
delaying surgery until the age of eight years or older, by
which time the gait is well established3,9,10,44. Koman et al.43

evaluated the effect of single-level botulinum toxin type A
treatment on the need for Achilles tendon lengthening sur-
gery after a mean duration of follow-up of 3.4 years (range,
0.4 to 6.5 years). The study demonstrated a 3.8-year delay in
surgical treatment and an older age at which Achilles tendon
lengthening was performed in comparison with the timing
of surgery as cited in other studies7,9. We are not aware of any
long-term studies on the outcome of multiple-level treat-
ment with botulinum toxin type A. Bakheit et al.74, in a study
of 1594 botulinum toxin type A injections in children with
muscle spasticity, concluded that multiple-level injections
resulted in a better overall response than single-level injec-
tions did. Galli et al.75 and Mall et al.76 also emphasized the
need for multiple-level injections. However, it was surprising
that, in the majority of the reported studies, application of
botulinum toxin type A was limited to isolated treatment of
spasticity of the gastrocnemius muscle. However, as dis-
cussed previously, most previous investigators have agreed
with the principle of multiple-level treatment during one
session3,7,45,77. We developed appropriate techniques to apply
the multiple-level botulinum toxin type A approach safely29;
however, the inter-relationship of botulinum toxin type A
treatment with the general motor development of the child
with cerebral palsy has not been examined in large cohorts.

The present study revealed the first intermediate to
long-term effects of serial multiple-level botulinum toxin
type A injections, combined with nonoperative treatment,
on longitudinal muscle growth. It is important to note that
no important adverse effects of the combined botulinum
toxin type A and casting treatments were noted at the doses
used and that only minor complications were seen. Unin-
tended effects or side effects (incontinence and constipation)
were noted in <5% of the patients (in association with four
of ninety-one treatments)29,36.

The three groups had similar distributions of known
factors (except for the use of daytime orthoses) that could
influence motor development and progression to surgery.
The same orthotic management was applied in all three
groups, which was always the maximum of tolerated daytime
and nighttime use. However, daytime orthoses were more
intensively used in Group 3 as compared with Groups 1 and
2, suggesting that botulinum toxin type A may facilitate the
use of orthoses, as evidenced by the results of previous
studies29,36,39. For Group 3, there were no follow-up data for
forty of 132 patients from the ages of seven to nine years be-
cause these children had not reached the age of nine years at
the time of data collection. Although the survival analysis
took the censored observations into account, care should be
given to conclusions based on the results for the children in
Group 3 after the age of seven years.

The retrospective nature of the present study limits the
interpretation of the results, and the possibility of bias in fa-
vor of a delay of surgery should be considered. However, all

of the children in the present study were evaluated and man-
aged by the same multidisciplinary team according to the
best practice guidelines of orthopaedic treatment. The treat-
ment plan for each child was defined in the multidisciplinary
outpatient clinic. The advantages of the multidisciplinary
approach and single-event, multiple-level surgery were gen-
erally accepted at the onset of this retrospective study and
had been applied by the senior member of this research team
(G.F.) since 1972. The treatment philosophy per se did not
change over the course of this retrospective study. Rather, the
improved understanding and treatment of cerebral palsy-
related primary problems in children helped to optimize the
use of available treatment options. Although this treatment
strategy might not be generally accepted by all clinicians, the
presented strategy was stable throughout the course of the
study.

In the present study, there also were small differences
among the three groups with regard to the age of first contact.
Children in Group 3, in particular, were younger at the time of
the first clinical evaluation, which may have predisposed them
to a better locomotor prognosis. However, these children also
demonstrated a more severely restricted walking ability at the
time of the initial evaluation (Table I). It is well known that
walking ability is linked to the severity of pathology in patients
with cerebral palsy1,4,78-82, and our survival analysis confirmed
that more severely restricted walking ability at a young age sig-
nificantly delayed the time to surgery. Therefore, it cannot be
stated with certainty that a young age at the time of the first
clinical evaluation was an advantage for the children in Group
3 as they also had more severely restricted walking ability at a
younger age as compared with the children in Groups 1 and 2.
This finding suggested that the severity of pathology in Group
3 might have been the same as, but was certainly not better
than, that in Groups 1 and 2.

The results of the present intermediate-term study re-
vealed that the children with the least walking ability (those
who could walk only with substantial support or who could
not walk independently) at the time of the initial evaluation
progressed to surgery more frequently than did the children
who were able to walk at a young age. However, the propor-
tion of these children in Group 3 who had not had surgery by
the age of nine years was lower than the proportion of the
more functional children who were able to walk in Groups 1
and 2. Taken together, these data suggest that the locomotor
prognosis of the children in Group 3 who were not able to
walk was no better than that of children in Groups 1 and 2, de-
spite the younger age of these children at the time of the first
clinical evaluation. Additional study will be needed to estab-
lish the influence of young age as compared with that of walk-
ing status on locomotor prognosis.

Future data analysis in this retrospective study will focus
on the general functional condition of the children who re-
ceived botulinum toxin type A treatment at the age of six to
ten years as compared with a control group. The functional
outcome, evaluated with use of gait analysis, is beyond the
scope of this study but will be analyzed in the near future. �
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