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Short-Term Effect of Botulinum Toxin A
Injection on Spastic Equinovarus Foot in
Cerebral Palsy Patients: A Study Using the
Foot Pressure Measurement System
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Objective To evaluate the therapeutic effect of botulinum toxin A (BTX-A) injection on spastic gastrocnemius
(GCM) and tibialis posterior muscles (TPo) by using the foot pressure measurement system (FPMS).

Methods Eighteen ambulatory CP patients were recruited in this study. BTX-A was injected into the GCM at a
dose of 6-12 units/kg and TPo at a dose of 4-9 units/kg according to the severity of equinus and varus deformity.
Foot contact pattern, pressure time integral (PTI), coronal index using the FPMS and Modified Ashworth Scale
(MAS), and visual inspection of gait pattern were used for evaluation of the therapeutic effect of BTX-A injection.
Clinical and FPMS data were statistically analyzed according to the muscle group.

Results A significant decrease in the MAS score of the GCM and TPo was observed, and spastic equinovarus
pattern during gait showed improvement after injection. The GCM+TPo injection group showed a significant
decrease in forefoot, lateral forefoot pad, and lateral column PTI, and a significant increase in hindfoot PTI and
coronal index. In the GCM only injection group, forefoot PTI and lateral column PTI were significantly decreased
and hindfoot PTI was significantly increased. The TPo only injection group showed a significant decrease in lateral
column PTI and a significant increase in the coronal index. Change in PTI in the hindfoot showed a significant
correlation with the change in MAS score of the GCM. Change in PTI of the lateral column and coronal index
showed a significant correlation with the change in MAS score of the TPo.

Conclusion The FPMS demonstrated the quantitative therapeutic effect of BTX-A on abnormal pressure
distribution in equinovarus foot in detail. The FPMS can be a useful additional tool for evaluation of the effect of
BTX-A injection.
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INTRODUCTION

Equinovarus foot is the most common musculoskeletal
complication in children with cerebral palsy (CP) [1,2].
The equinus foot is related to spasticity or contracture of
the gastrocnemius muscle (GCM), and the varus foot is
related to spasticity or contracture of the tibialis posterior
muscle (TPo) [3,4]. While walking with the equinovarus
foot, abnormal initial contact with the lateral border of
the forefoot produces an inappropriate base of weight
support; thus, limiting functional ambulation and inde-
pendent activities of daily living [5,6].

Various treatments, including physical therapy, brac-
ing, casting, nerve block, and surgical lengthening of
the gastrocnemius-soleus complex have been used in
management of the equinovarus foot [1,3,7,8]. Among
these therapeutic modalities, botulinum toxin A (BTX-A)
has been widely used due to its safety and effectiveness.
BTX-A enables reduction in spasticity of muscles and
improvement of gait pattern by denervation of spastic
muscles [9]. With regard to BTX-A injection, MAS and
gait pattern assessment by visual inspection or gait anal-
ysis have been considered for determining the optimum
target muscle or optimum dose. Weight-bearing pattern
and foot pressure during gait cycle are also important
factors for BTX-A injection. However, there is a limitation
of assessing weight-bearing pattern or foot pressure us-
ing MAS or visual inspection.

The foot pressure measurement system (FPMS) is
known to be useful in providing quantitative information
on weight bearing pattern of the foot during the gait cycle
[10]. Several studies have used the FPMS to investigate
the therapeutic effect of patients with rheumatoid arthri-
tis, diabetes mellitus, and several forefoot problems [11-
18]. Using the FPMS, detailed quantitative values, includ-
ing those in the forefoot, midfoot, hindfoot, and medial
and lateral foot sections, can be obtained; this informa-
tion enables clinicians to make a more precise diagnosis
regarding foot deformity and to perform a quantitative
assessment of the therapeutic effect. In addition, this
measurement tool can be easily applied to younger pa-
tients with cerebral palsy who are often uncooperative
[1,2,19-23].

In this study, we used the FPMS to investigate the ther-
apeutic effect of BTX-A injection in patients with equin-
ovarus foot due to spastic GCM or TPo.
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MATERIALS AND METHODS

Subjects

Eighteen patients were recruited and selected on the
basis of the following inclusion criteria by two expert
physiatrists: 1) spastic hemiplegic or diplegic CP; 2)
equinovarus deformity of the foot, which was defined
by ankle plantar flexion lower than 0° and initial contact
with the 5th metatarsal head during gait cycle [24]; 3) am-
bulatory patients diagnosed as having Gross Motor Func-
tion Classification System (GMFCS) level I or II; 4) no
history of orthopedic surgery of the lower extremities or
selective dorsal rhizotomy; 5) no history of BTX-A injec-
tion within the last four months; 6) no definite dyskinetic
movement such as athetosis or dystonia; 7) absence of
definite contracture of the lower extremity; 8) no definite
contraindication for BTX-A injection; and 9) volunteers
whose parents had applied on their behalf to participate
in this study. Among the 18 participants (22 limbs; 15
males and three females; median age, 8.00 years; range,
2-17 years), 14 patients had hemiplegic CP and the other
four patients had diplegic CP. As a result, 22 limbs of 18
subjects were assessed. The study was approved by the
Institutional Review Board of a Yeungnam University
College of Medicine and written informed consent was
obtained from the parents of all participants.

Clinical evaluation

Assessment of the Modified Ashworth Scale (MAS)
score and visual inspection of gait pattern were per-
formed before and after BTX-A injection in all patients.
The MAS is a widely used measurement tool, and it is
scored as follows: 0, no increase in muscle tone; 1, slight
increase in muscle tone at the end of the range of mo-
tion; 2, slight increase in muscle tone through less than
half of the range of motion; 3, more marked increase in
muscle tone through most of the range of motion; 4, con-
siderable increase in muscle tone; and 5, joint is rigid.
Physical examinations and gait pattern assessment were
performed by an expert physiatrist. MAS score of the
GCM was evaluated in the supine position with maximal
extension of the knee during maximal ankle dorsiflexion
from maximal ankle plantar flexion [25]. MAS score of
the soleus was evaluated in the prone position with 90°
flexion of the knee during maximal ankle dorsiflexion
from maximal ankle plantar flexion [25]. MAS score of the
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TPo was evaluated in the prone position with 90° flexion
of the knee during maximal ankle dorsiflexion, eversion,
and pronation from maximal ankle plantar flexion, inver-
sion, and supination to assess the degree of varus [25].

Foot pressure measurement system

The FPMS (TPScan; BioMechanics, Goyang, Korea) was
used for evaluation of dynamic foot pressure. Patients
were instructed to walk naturally at a self-selected speed
and look straight ahead. Before the test, patients prac-
ticed walking for nearly 2 m in order to become adapted
to the FPMS. Dynamic foot pressure data during walking
were recorded on the FPMS floor mat (40.5x40.5 cm®) at
the middle of the ambulation test. Subjects underwent
five walking tests in order to obtain valid results. The
parameters obtained from the FPMS were divided into
two categories, including the foot contact pattern and the
pressure time integral (PTI). For the foot contact pattern,
contact length and contact width of the forefoot, midfoot,
and hindfoot were measured by two investigators accord-
ing to maximal length of contact length, forefoot, mid-
foot, and hindfoot in visualized results from the FPMS
(Fig. 1). Dynamic foot pressure results for each section
were automatically calculated by the FPMS. Results from
PTI data were also provided as automatically divided sec-

Normal foot Pre-injection

Post-injection

Fig. 1. Foot pressure measurement image. The foot pres-
sure image of a normal foot and the changed image of
equinovarus foot pressure between pre-injection and
post-injection in a single child (A, toe; B, hallux; C, lateral
forefoot; D, medial forefoot; E, lateral midfoot; F, medial
midfoot; G+H, hind foot; a, contact length; b, forefoot
contact width; ¢, midfoot contact width; and d, hindfoot
contact width).

tions—toe, forefoot pad, arch, and heel. Each section was
automatically subdivided as follows: the toe section was
subdivided into hallux (‘B’), second toe, and third, fourth,
and fifth toes (‘A’); the forefoot section was subdivided
into medial forefoot pad (‘D’) and lateral forefoot pad
(‘C’); the arch section was subdivided into medial arch
(‘F’) and lateral arch (‘E’) and the heel section was subdi-
vided into medial heel (‘H’) and lateral heel (‘G’) (Fig. 1).
PTI data for each subsection represented the percentage
of entire foot pressure. We defined the forefoot PTI as the
sum of toe (A+B) and forefoot pad (C+D) PTI, midfoot
PTI as the sum of medial and lateral arch (E+F) PTI, and
hindfoot PTI as the sum of medial heel and lateral heel
(G+H) PTI. In addition, medial column PTI was deter-
mined as the sum of medial forefoot and medial midfoot
(B+D+F) PTI. Lateral column PTI was determined as the
sum of lateral forefoot and lateral midfoot (A+C+E) PTIL.
The coronal index, the value obtained by subtracting the
lateral column PTI from the medial column PTI, was also
measured. A more negative value of the coronal index
indicates a greater varus foot deformity, and a more posi-
tive value of the coronal index indicates a greater valgus
foot deformity.

Improvement of the coronal index from a negative val-
ue to zero or a positive value suggests shifting of weight-
bearing from the lateral column to the medial column [2].

Intervention

BTX-A, Dysport (Ipsen Biopharm Ltd., Wrexham, UK),
was used for treatment of spastic equinovarus foot. The
choice of muscles and the dosage of BTX-A for injection
was decided by multidisciplinary discussion and clinical
evaluation, including the severity of spasticity in the af-
fected muscle, the level of activities of daily living, visual
inspection of gait pattern, age, and body weight, and
results from evaluation of the pre-FPMS. According to se-
verity of the equinus and varus deformity, BTX-A was in-
jected into the GCM at a dose of 6-12 units/kg and/or the
TPo at a dose of 4-9 units/kg, respectively. For accurate
and safe injection of BTX-A, monitored anesthesia care
was administered by pediatric anesthesiologists. Bispec-
tral index from the electroencephalogram, oxygen satu-
ration, electrocardiogram, heart rate, and blood pressure
were monitored during the BTX-A injection procedure.
Electrical stimulation guidance was used for identifica-
tion of the target neuromuscular junction. Under these
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conditions, the injection procedure was performed with
a 23-gauge needle electrode using a sterile technique.
A 23-gauge needle electrode was inserted into the GCM
or TPo, and adequate needle electrode placement was
confirmed with proper movement of the target muscle by
electrical stimulation through the inserted needle elec-
trode. After obtaining final confirmation that the location
of the needle tip was extravascular by the negative pres-
sure of the syringe, BTX-A was injected. The MAS score,
foot contact pattern, and pressure time integral were
used to assess the therapeutic effect of BTX-A injection
before and three weeks after injection.

Statistical analysis

Mann-Whitney U-test was used for statistical assessme-
nt of the therapeutic effect of BTX-A according to the
muscle group. Spearman correlation was used to deter-
mine a significant correlation between the change in MAS
score of the injected muscles and the change in PTI of
each subsection. Statistical analysis was performed using
the Statistical Package for Social Sciences (SPSS) ver. 18.0
(SPSS Inc., Chicago, IL, USA). The adopted level of sta-
tistical significance was p<0.05. The inter-rater reliability
of the data obtained from the FPMS was measured. The
intraclass correlation coefficient value between the two
experts was 0.911, indicating excellent reproducibility.

RESULTS

A summary of demographic data is shown in Table 1.
No significant difference was observed in all variables

between groups. None of the patients dropped out of the
study and no side effects, including sustained pain, fo-
cal muscle weakness, fatigue, paresthesia, somnolence,
fever, or skin rash, were reported. All patients showed a
markedly improved spastic equinovarus pattern during
gait.

The results of MAS and foot contact pattern after injec-
tion are shown in Table 2. The MAS score of the GCM in
14 limbs which were injected with BTX-A and the MAS
score of the TPo in 12 limbs which were injected with
BTX-A showed a significant decrease after injection
(p<0.05). For foot contact pattern, contact length and
contact width, including forefoot, midfoot, and hindfoot
width, were increased after the injection, but statistical
significance was not reached (Table 2). However, the PTI
showed a significant change after injection (Table 3). Lat-
eral column PTI showed significantly decreased values
after BTX-A injection. Coronal index showed a significant
increase after BTX-A injection, indicating decrease in the
varus component of the foot during gait. Although sub-
sections of the forefoot, midfoot, and hindfoot showed
no significant changes, the total change in the forefoot
and hindfoot PTI was also significant after BTX-A injec-
tion. Lateral forefoot pad section was the only subsec-
tion that showed a significant change after injection. For
specific correlation, injected muscles were categorized
into three groups as follows: GCM+TPo injection group,

Table 2. The change in the MAS score and foot contact
pattern between before and after injection of botulinum
toxin A

Before After
Table 1. Demographics of patients (n=18) injection injection
Value MAS score
Age (yr) 8.79+4.09 GCM in 14 limbs 3.00 (1.50)  1.00 (0.13)*
Sex (male:female) 15:3 TPo in 12 limbs 1.50(0.63) 1.00 (1.00)*
Follow-up duration (day) 21.25+3.26 Foot contact pattern (cm)
CP (hemiplegic:diplegic) 14:4 Contact length 15.90 (5.20) 16.8 (5.35)
GMECS (level I:11) 16:2 Contact width
Injected muscle Forefoot 8.40 (2.30) 8.80 (2.70)
Gastrocnemius muscle 14 Midfoot 4.50 (1.05) 4.70 (0.95)
Tibialis posterior muscle 12 Hindfoot 4.90 (1.15) 5.20 (1.65)

Values are presented as meantstandard deviation or
number.

CP, cerebral palsy; GMFCS, Gross Motor Function Clas-
sification System.
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Values are presented as median (interquartile range).
MAS, Modified Ashworth Scale; GCM, gastrocnemius
muscle; TPo, tibialis posterior muscle.

*p<0.05.
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GCM only injection group, and TPo only injection group.
Among the 22 limbs, the number of GCM+TPo injected
limbs was 4, the number of GCM only injected limbs was
10, and the number of TPo only injected limbs was 8.
There were meaningful results for the clinical correlation
between the injected muscle and PTI. The GCM+TPo
and the GCM only injection groups showed a signifi-
cant decrease in forefoot PTI and a significant increase
in hindfoot PTI. Lateral forefoot pad section showed
significantly decreased values after injection into the
GCM+TPo. The TPo only injection group showed a signif-
icantly decreased lateral column PTI. The GCM+TPo and
GCM only injection groups also showed a significantly
decreased lateral column PTI. For the coronal index, the
GCM+TPo and the TPo only injection groups showed sig-
nificantly increased values after injection.

Results of correlation analysis between the change in
MAS score and the change in PTI showed a significant
correlation (Table 4). In detail, the change in the MAS
score of the GCM showed a significant negative correla-
tion with the change in hindfoot PTI. The change in the
MAS score of the TPo showed a significant positive cor-
relation with the change in lateral column PTI and a sig-
nificant negative correlation with the change in coronal
index.

DISCUSSION

Using the FPMS, we evaluated the change in foot pres-
sure of the spastic equinovarus foot after BTX-A injec-
tion. After injection, the result of the FPMS showed a
significant increase in hindfoot PTI and coronal index as
well as a significant decrease in forefoot PTI, correspond-
ing to the clinical improvement of changes in the MAS
score and equinovarus pattern during gait.

Several previous studies have demonstrated the thera-
peutic effect of BTX-A injection on spasticity in patients
with CP [8,9,26-31]. The MAS has been most widely used
for assessment of the therapeutic effect of BTX-A. The
current study showed results corresponding with those of
previous studies, which reported a significant decrease in
MAS score after injection. In addition, we used the FPMS
for detailed evaluation of the quantitative therapeutic
effect of BTX-A injection. One of the parameters of the
FPMS, PTI, showed a significant difference in pressure
distribution in a specific area of the foot after injection.
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PTI data have been used in several previous studies for
evaluation of foot deformity [1,2,32-34]. Falso et al. [32],
who investigated the therapeutic effect of BTX-A injec-
tion in five diplegic and five hemiplegic CP patients,
reported that hindfoot PTI showed a significant increase
after injection into the GCM, TPo, adductor, and medial
hamstring muscles. Another study on PTI by Park et al.
[1] also reported significantly increased heel PTI and sig-
nificantly decreased lateral forefoot PTI after heel cord
lengthening surgery in 17 cases of spastic CP with equin-
ovarus foot. Similarly, our results showed a significant
change in PTI. Patients in the GCM only injection group
showed a significant decrease in forefoot PTI and a sig-
nificant increase in hindfoot PTI. It is known that spastic-
ity of the GCM is mainly related with the equinus posture
leading to limitation of ankle dorsiflexion and prolonged
initial contact time with the forefoot. Improvement of an-
kle dorsiflexion may enable initial contact with the hind-
foot and decrease forefoot PTI. Moreover in this study,
the change in the MAS score of the GCM showed a sig-
nificant negative correlation with the change in hindfoot
PTI. These significant changes corresponded with the
clinical change in the equinus gait pattern. On the other
hand, the GCM+TPo injection group showed a signifi-
cant change in lateral column PTI as well as in forefoot
and hindfoot PTI. The TPo acts mainly in ankle inversion
[25]. Thus, spasticity of the TPo can lead to varus foot
deformity. Bowen et al. [33] described that equinovarus
deformity showed increased PTI and early initiation of
contact pressure on lateral forefoot and midfoot. In this
study, lateral column PTI showed a significant decrease
after BTX-A injection in the GCM+TPo and TPo only in-
jection groups, along with clinical improvement of varus
deformity. The results of correlation between the change
in lateral column PTI and change in the MAS score of the
TPo also showed a significant positive correlation. These
findings indicate that reduced spasticity of the TPo is re-
lated with decrease in lateral column PTI. Lateral column
PTI also showed a significant decrease in the GCM only
group after injection. This finding was may be due to a
decrease in forefoot PTI. Because the lateral column was
composed of second, third, fourth, and fifth toes, lateral
forefoot pad, and lateral arch, a decrease in values of
these subsection data may cause a decrease in lateral col-
umn PTI.

The coronal index, which is determined by the discrep-
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ancy in PTI between the medial and lateral columns,
is used to evaluate foot deformities [1,2]. In a previous
study, Chang et al. [2] reported high correlation of coro-
nal index with clinical characteristics of varus and valgus
foot and recommended the FPMS as the primary evalua-
tion tool for measuring the severity of varus or valgus foot
deformity. Our patients who received injection into the
GCM+TPo and the TPo only also showed a remarkable
improvement of varus deformity and the corresponding
significant change in coronal index. In addition, a sig-
nificant correlation was observed between the change in
coronal index and the change in MAS score of the TPo.
These findings imply that the varus deformity was im-
proved after BTX-A injection into the TPo, which is main-
ly related to the varus posture, and this was as a result of
decreased spasticity of the TPo and shift in the weight-
bearing pattern from the lateral column to the medial
column. For the medial and lateral columns, medial col-
umn PTI also decreased after BTX-A injection although it
was not significant. It may be possible that this result was
caused by the characteristics of medial or lateral column
PTI; the medial column PTI was defined as the sum of
medial forefoot and medial midfoot PTI, and the lateral
column PTI was defined as the sum of lateral forefoot
and lateral midfoot PTI. Therefore, the increase in hind-
foot PTI was not reflected in medial and lateral column
PTI, and a significant decrease in forefoot PTI may be the
influential factor on the results of medial and lateral col-
umn PTI. As a result, both medial and lateral column PTI
showed a tendency to decrease regardless of the muscle
injected.

Foot contact pattern, another parameter of the FPMS,
has been used in several previous studies on orthopedic
corrective surgery for foot deformity [1,17,23,35]. These
studies reported meaningful correlation between the
change in foot contact pattern and radiographic mea-
surements, or considerable change in foot contact area
after orthopedic surgery. Our results showed increased
contact length and contact width in all subsections;
however, these results were not significant. These insig-
nificant results may be related to the difference in thera-
peutic effect of injection and surgery. In addition, use of
the BTX-A injection procedure, which is performed in a
specific area of the muscle, may not result in a definite
change in total contact length or total contact width.

Gait analysis has also been used for assessment of

the therapeutic effect of BTX-A. Some previous studies
have reported a significant change in parameters of gait
analysis after BTX-A injection [8,36]. On the other hand,
in some other studies, although patients showed clinical
improvement, gait analysis after BTX-A injection did not
show any significant result [37,38]. Using gait analysis,
it is difficult to evaluate the interval change in coronal
plane at the foot level. Compared with gait analysis, the
FPMS can be a useful evaluation tool to quantify and as-
sess the interval change in the foot in the coronal plane
after BTX-A injection.

In conclusion, we demonstrated a statistically significa-
nt change in foot pressure distribution after BTX-A injec-
tion using the FPMS. A significant change in PTI and a
significant correlation between the change in PTI and the
change in the MAS score were observed, revealing the
quantitative therapeutic effect on the equinus and varus
deformity. To the best of our knowledge, this is first re-
port showing a statistical correlation between the change
in anteroposterior or mediolateral foot pressure and the
change in MAS score of a specific muscle using the FPMS.
However, this study has some limitations, including a
small number of participants and a short follow-up study
period. Additionally, this study was based on clinical
needs; hence, it was not possible to uniformly inject into
the GCM or TPo. This is another limitation of this study.
A future study with a larger number of participants, a
long-term follow-up, and a strict process based on the
academic concept rather than clinical needs is warrant-
ed.
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