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This study compared clinical and functional outcomes after
treatment with botulinum toxin A (BTX-A) and BTX-A with
casting in children with dynamic equinus foot. Ten children
(seven males, three females; mean age 6 years 4 months, SD 2
years 7 months; range 4 to 11 years) with mild spastic
diplegia and independent walking were divided into two
groups: group 1, BTX-A and group 2, BTX-A plus casting.
BTX-A was injected in the triceps surae bilaterally at
multiple sites while the children were sedated with mask
anaesthesia. Dysport® toxin was used, 15 to 20IU/kg in each
muscle. Immediately after injection an ankle–foot orthosis
was applied to children in group 1 and a cast to children in
group 2. Clinical assessment using the Ashworth scale, Gross
Motor Function Measure (GMFM), range of movement
measurement, and gait analysis was performed before
treatment and 1, 4, and 12 months after treatment. Spasticity
decreased significantly at 1-month examination in both
groups (p=0.002), at 4-month examinations (Wilcoxon test
p=0.003), and 12 month (p=0.052) examinations in group 2.
GMFM highlighted a significant improvement in group 2 at
the 4-month examination(p=0.052 for standing, p=0.007 for
walking). Gait analysis showed a significant increase in the
walking speed in group 2 (p=0.04). No change was detected
in ankle kinematics and kinetics or in muscular activity
during the gait cycle. We confirmed that BTX-A reduces
spasticity and improves functional performance in standing
and walking; association with casting provides more marked
and enduring results.

Equinus foot is a common problem in children with cerebral
palsy (CP). Surgery, such as tendo Achilles lengthening, gas-
trocnemius and soleus release (Baker 1954, 1956), or gas-
trocnemius release (Strayer 1950) is often indicated, but
before planning surgery the type of equinus should be con-
sidered. If the deformity is a fixed equinus, orthopaedic
surgery is needed, or if the equinus is determined by muscle
contraction, more conservative techniques should be adopt-
ed. Even when orthopaedic deformity is well established,
some authors suggest combined conservative and surgical
procedures (Graham 2001). 

Among conservative treatment options, serial casting (Watt
et al. 1986, Boyd and Graham 1996) has been proposed to pre-
vent gastrocnemius and soleus contracture (Desloovere et al.
2001). Botulinum toxin A (BTX-A) injection is largely used for
pharmacological spasticity management (Koman et al. 1993,
2000; Cosgrove et al. 1994; Boyd et al. 1997; Sutherland et al.
1999; Eames and Cosgrove 2000; Heinen and Volker 2000;
Ubhi et al. 2000; Love et al. 2001). Although casting and BTX-A
are often associated in clinical practice, there are only a few
studies which show the benefits of this combined approach
(Boyd and Graham 1997, Desloovere et al. 2001).

The aim of this pilot study was to compare the clinical and
functional results of treatment with BTX-A with and without
casting in ambulant children with CP who have dynamic
equinus foot.

Method
PARTICIPANTS AND RESEARCH DESIGN

Those eligible for the study were children aged 4 to 11 years
with mild spastic diplegia (Bobath and Bobath 1975): who
had already achieved independent walking and had equinus
foot (forefoot approaches the ground before the heel) with-
out fixed deformity (plantarflexion could be reduced by pas-
sive stretching); who had not had orthopaedic surgery, at
least in the last 12 months; and who had not yet developed
joint or bone deformities. As inclusion criteria were extreme-
ly restrictive, in order to maximize the homogeneity of the
group of patients only 12 children eligible to be enrolled in
the trial were recruited and all of them agreed to participate
in the study. For this reason we performed a pilot study.
However, we are planning to enroll new participants in the
future to carry out a larger study. Each child was assessed by
means of clinical assessment and gait analysis before the
treatment and after 1 and 4 months. The final assessment
was carried out after 12 months. The assessment was per-
formed at the Rizzoli Movement Analysis Laboratory by a
physiatrist blind to the patients’ treatment. Two children did
not complete the sequence of examinations and were, there-
fore, excluded. Consequently, the results reported here refer
to 10 children (seven males, three females; mean age 6 years
4 months, SD 2 years 7 months). All patients gave informed
consent to participate in the study. The study was approved
by the Ethical Committee of the Azienda Unità Sanitaria
Locale, Bologna. 

TREATMENT

Participants were randomly divided into two groups: children
of the first group (group 1, five children) were injected with
BTX-A in the triceps surae muscles bilaterally. We injected
Dysport® toxin, (15 to 20IU/kg) in each muscle (Heinen and
Volker 2000). The second group (group 2, five children) had
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BTX-A injection at the same doses and inhibitory casting was
applied immediately after the injection. Each selected mus-
cle was injected at multiple sites while the child was sedated
with mask anaesthesia. In group 1, an ankle–foot orthosis
was applied after injection and physiotherapy was started a
few days later. In group 2, casts were maintained for 3 weeks
according to Watt and colleagues (Watt et al. 1986) and then
removed. We preferred a 3-week period of casting instead of
the serial casting method because all of the children enrolled
in this study lived far away from Bologna, consequently the
application of casts for a single long period was easier for the
families. After cast removal physiotherapy was started. Treat-
ment consisted mainly of progressive stretching of the ago-
nist muscle (i.e. gastrocnemius) and active contractions of
the antagonist (i.e. tibialis anterior) when possible; standing
and ambulatory training was progressively introduced.

OUTCOME MEASURES

Clinical measures

Clinical measures were assessed before the treatment, and
after 1, 4, and 12 months. 

Change in ankle range of motion for passive dorsi–plan-
tarflexion was assessed by stretching the tibio-tarsal joint
while maintaining the knee extended. Changes in gross motor
activities were measured using the Gross Motor Function
Measure system (GMFM; Russell et al. 1989) for items 52 to 74
which relate to standing and walking ability. Change in triceps
surae muscle spasticity was measured using the Ashworth
scale (Ashworth 1964).

Gait analysis

A lower-limb functional evaluation during gait was per-
formed using the ELITE stereophotogrammetric system
(BTS, Milano, Italy) for the acquisition of kinematic variables.
For the analysis of these variables, the CAST protocol
(Benedetti 1998) modified for children (Leardini 2000) was
used. The CAST protocol includes an anatomical landmarks
calibration procedure to acquire kinematics in order to relate
the movement of the skin markers to the movement of the
underlying bones. Two Kistler platforms (Kistler Instruments,
Winthetur, Switzerland) were used to study foot-ground reac-
tion forces. Kinematic data relative to the lower limb and to
foot–ground reaction forces during stance were acquired at a
sampling rate of 100Hz, with the synchronization managed
directly by the ELITE system. The foot–ground reaction forces
obtained from the force-plates and the instantaneous posi-
tions of the hip, knee, and ankle joint centres were used to
calculate the net external moment about each joint centre
throughout stance phase. The surface myoelectric signal was
amplified by an eight-channel TELEMG (BTS, Milano, Italy)
electromyograph (EMG). Detection probes were active with
an interelectrode distance of about 20mm. The sampling
rate was equal to 500Hz; lower and upper cut-off frequencies
of the amplifier were respectively equal to 40Hz and 200Hz.
The myoelectric signals were acquired simultaneously with the
kinematic and kinetic data. The raw signal was then elaborated
by means of a novel statistical algorithm for on-off detection
(Bonato 1998). The technique is adaptive to variations in the
signal to noise ratio thus allowing one to estimate reliably the

Figure 2: Gross Motor Function Measure (GMFM) score for standing and walking items at each examination: 1, examination

before treatment; 2, examination after 1 month; 3, examination after 4 months; 4, examination after 12 months. (aThese data

were obtained on six patients.)          , BTX-A group;          , BTX-A+casting group.
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muscular activation in virtually all the EMG recordings. Gait
analysis data were acquired until the 4-months follow-up
examination.

STATISTICAL ANALYSIS

Statistical analysis was performed on the clinical data using the
Montecarlo method for small samples. The Mann–Whitney U
test for non-parametric data and different variance was used to
compare patients at each follow-up. The Wilcoxon test was
used for paired analysis during follow-up. 

Gait analysis data consisted of time–distance parameters
(stance phase duration, cycle duration, stride length, speed of
progression) and peak values extracted from kinematics (sagit-
tal ankle angle at initial contact, maximum dorsiflexion during
stance, maximum plantarflexion during swing) and kinetics
(maximum dorsiflexion moment peak, second dorsiflexion
moment peak). Parameters from group 1, group 2, and a con-
trol group (recruited from database of the gait laboratory;
Benedetti 1998) were compared by means of the Montecarlo
method for small samples with the Kruskall–Wallis test for non-
parametric analysis.

Results
CLINICAL ASSESSMENT

All the children in both groups showed a reduction of spasticity
(Ashworth scale) after 1 month (p=0.002). This result was
maintained at the third examination (4 months after the treat-
ment; Wilcoxon test p=0.003), and at the fourth examination
(1 year; p=0.052) in children of group 2 while in children of
group 1, 4 months after treatment the situation was nearly
the same as before treatment (Fig.1). Furthermore, with the
Mann–Whitney U test, the Ashworth difference of the two
groups at the 4 months examination was statistically significant
(group 2: 1.8; group 1: 3; p=0.006). After 12 months the values
become closer to the pretreatment values in both groups
(group 2: 2.5; group 1:ß 3.1; p=0.09). For the GMFM stand-
ing items (Fig.2) paired Wilcoxon analysis showed a statisti-
cally significant improvement in both groups at the first
month examination with respect to the pretreatment condi-
tion (p=0.052). While this significance is maintained in
group 2 at the 4- and 12-month assessments, group 1 main-
tained lower scores. With regard to the GMFM walking items,
while the Wilcoxon test did not reveal any difference among
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Figure 3: Ankle passive range of movement (ROM) for plantarflexion and dorsiflexion at different examination times.

1, examination before treatment; 2, examination after 1 month; 3, examination after 4 months; 4, examination after 12

months (aThese data were obtained on six patients.)         , BTX-A group;          , BTX-A+casting.

Table I: Time–distance parameters, median (range)

Parameters Pretreatment >1 month >4 months Kruskall–Wallis

Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 p

Right stance, % of cycle 61.8 65.8 61.4 65.4 60.4 64.6
(56.2–64.6) (61–72.1) (52.7–70.1) (61–67.4) (54–63.9) (60.9–69.8)

Left stance, % of cycle 64.5 61.4 61.2 65 62.4 60.5
(51.8–68.7) (58.2–70.6) (44.3–73.6) (54–73.4) (46.3–65.6) (56.6–68.9)

Cycle time, ms 905 785 1070 825 980 920
(580–1150) (770–1110) (720–1140) (770–900) (850–1170) (720–1100)

Stride length, % of height 52.8 47.8 52.7 47.4 63.3 53.5 0.028 (group 2)
(47–72) (43–69) (43–64) (42–62) (50–96) (40–63)

Cadence, cycle/m 66.3 76.4 56.1 72.8 61.2 60.6
(52.2–103.4) (54.1–77.9) (52.6–83.3) (66.7–77.9) (51.2–70.5) (54.5–84.5)

Speed of progression, 70.9 61.8 60.7 65.6 75.2 62.4 0.04 (group 2)
cm/s (54.1–101.7) (51.3–88.4) (52.3–73.5) (58.4–79.4) (60–116) (54.2–83.3)

Group 1, BTX-A; Group 2, BTX-A with casting.
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paired follow-ups in the two groups, with the Mann–Whitney
U test group 2 showed a more marked improvement in the
walking items at the 4-month examination compared with
group 1 (group 2 GMFM score: 35.4, group 1 GMFM score:
29; p=0.007). In both groups the assessment of the passive
ankle range of movement showed a non significant increase
of the dorsiflexion of the foot at the first month examination.
In the 4 and 12 month follow-ups this variation disappeared.
No change was found in plantarflexion (Fig. 3).

INSTRUMENTAL GAIT ANALYSIS

Time–distance parameters

Gait analysis data at 4-months follow-up showed an increased
speed of progression in group 2 compared with group 1
(p=0.04) due mainly to the increase of stride length measured
as a percentage of height (p=0.028; Table I).

Kinematics and kinetics

No significant change was found in sagittal ankle angle at the
initial contact (i.e. the maximum dorsiflexion reached dur-
ing stance and plantarflexion during swing) in the two
groups (in group 2 there was a slight, but not significant,
increase in ankle dorsiflexion during stance at the 1-month
examination). Furthermore, there was no variation in ampli-
tude in the double bump dorsiflexion pattern at the ankle.

Dynamic EMG

No particular difference was found in the activation pattern
of gastrocnemius and tibialis anterior in the two groups
(Fig.4). Gastrocnemius remained preactivated at the initial
contact and at terminal swing while activity of tibialis anteri-
or was characterized by a stance prolonged timing of activa-
tion throughout the follow-up examinations.

Discussion
Spasticity in children with CP should be viewed as a ‘strategy’
exploited by the central nervous system (CNS) to improve
motor function. According to this view, triceps surae spastici-
ty can be seen in children with diplegia as a compensatory
mechanism to enable them to stand and walk because this
motor pattern allows them a more effective, though patho-
logical, antigravity response (Ferrari et al. 1997, Bottos and
Ferrari 2003). In this way children with a central deficit try to
adapt to the environment in spite of their pathological motor
patterns by making use of compensatory patterns. For this
reason a surgical lengthening, especially if too generous, of
the gastrocnemius and soleus, weakening a compensatory
strategy, may provoke a functional loss in standing and walk-
ing, especially when the child grows up and the strength of
those muscles becomes insufficient to sustain the increased
weight in adult age (Murphy et al. 1995, Bottos et al. 2001).

On the other hand, the compensatory patterns are stereo-
typed and invariably result in muscle and joint overuse. As a
result of this overuse over the years, deformities will appear
and function will gradually be lost as the CNS becomes limited
in producing further compensatory patterns with joint and
muscle retraction. Consequently, if no treatment is carried out,
the natural evolution of equinus foot may well result in the pro-
gressive reduction of the supporting surface and, consequent-
ly, standing and walking may be lost. 

For these reasons a loss of function is often unavoidable
both with and without surgery. Conservative solutions with

and without surgery are then tried to prevent the onset of
deformities and consequent risk of functional loss. 

The present study confirms the recent findings on the
efficacy of BTX-A in the treatment of gastrocnemius spasticity
(Sutherland et al. 1999, Koman et al. 2000, Ubhi et al. 2000,
Love et al. 2001).

Furthermore, our data confirm the additional benefits of a
combination of BTX-A injection and inhibitory casting. 

Gait analysis showed an improvement in time–distance
parameters in children with BTX-A injection and inhibitory
casting while clinical assessment showed a reduction of spas-
ticity in this group over 12 months as well as better GMFM per-
formance, both in standing and walking. Moreover the lack of
modifications of kinematic and kinetic ankle patterns during
gait in the present study is in contrast to results found by other
authors (Boyd et al. 2000). This result is probably related to the
great variability in selected parameters. We explained this find-
ing by the limited number of patients in each group, and a non
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Figure 4: On–off muscle timing percentage of gait cycle.

pattern of muscular activity is presented as percentage of

number of patients in which muscle is active during gait cycle

at different follow-ups and compared with control data. Gas,

gastrocnemius; TA, tibialis anterior.       , Control group; 

, BTX-A group;          , BTX-A+casting.
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ideal selection of the sample of children available for gait analy-
sis. As stated by Boyd et al. (2000, p34), the ideal prerequisites
for accurate 3D gait analysis are, ‘children over 4 years, who are
greater than 95cm in height, weigh at least 20kg…’. As the age
of children enrolled ranged from 4 to 11 years and most of
them did not correspond to the anthropometric parameters
suggested by Boyd, data for statistical analysis were not ade-
quate. On the other hand, with regards to the premature activa-
tion pattern of the gastrocnemius during gait cycle, our results,
consisting of no change after treatment, are in agreement with
previous findings (Sutherland 1996,1999; Detrembleur 2002).
These latter findings do not modify the overall clinical results
of this pilot study which confirm the additional benefits which
can be achieved from therapy combining BTX-A injection and
inhibitory casting for dynamic equinus foot. Spasticity and
muscle retractions are dealt with at the same time (Graham
2001): as the spastic component is reduced pharmacologi-
cally, inhibitory casting probably works on early contractures
(Desloovere et al. 2001). This exploits the Golgi reaction which
is a spinal cord reflex preventing muscle rupture (Bottos and
Ferrari 2003). When the stretching action is prolonged, the
stretch reflex is then inhibited and the muscle relaxes. BTX-A
injections and inhibitory casting may prevent deformities thus
limiting, integrating, or eventually avoiding orthopaedic sur-
gery and the consequent reduction of muscle power of the
gastrocnemius with consequent loss of abilities, such as
independent walking, in adulthood. 
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