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A B S T R A C T

Background: Foot deformities in children with cerebral palsy are common. The various foot deformities
are equinus, planovalgus, equinovarus, equinovalgus. Treatment for the flexible foot deformity should be
with orthotics and manual therapy initially and then with tendon lengthening. Equinovarus deformity of the
foot is a result of the muscle imbalance in which invertors of the foot, posterior and anterior tibialis muscle,
overpower evertors. Untreated spastic equinovarus deformity may cause severe fixed foot deformity and
painful callosities under metatarsal heads and on the lateral side of foot.
Aims & Objective: To evaluate the effectiveness of split transfer of tibialis anterior for equinovarus foot
deformity in spastic cerebral palsy children.
40 spastic cerebral palsy (13 diplegic and 27 hemiplegic) children between the age of 5-15 years with
equinovarus foot deformity were selected. The procedure adopted in all the cases was tendoachilles
lengthening and split anterior tibialis tendon transfer to cuboid.
Result: The result was graded as good, fair and poor. In 28 of the cases varus deformity of the forefoot
and midfoot got corrected with plantigrade foot, in 10 of the cases forefoot and midfoot supination was
corrected but heel was in varus and in 2 of the cases there was no improvement.
Conclusion: Spastic T.A. is most often the cause of varus of forefoot. Split transfer utilises the spastic
nature of the muscle to counter balance the deformity caused by the original muscle. Hence, it is better
solution to the problem. However accurate diagnosis of deforming muscle, i.e, T.A or T.P. is essential to
produce good result.
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1. Introduction

Cerebral palsy (CP) is a disorder of movement and posture
caused by nonprogressive injury to immature brain.1 The
incidence is two to three per thousand live births.2 Spastic
CP is the most common subtype which is seen in 70%
to 80% of CP patients.3 In the patient with CP, there
is change in muscle tone and posture which is evident
both during rest and voluntary activity.4 Foot deformities
e.g., ankle equinus, equinovarus and equinovalgus, are
common in patients with CP. Varus deformity which is
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usually accompanied by equinus, is commonly caused by
an abnormal posterior tibial muscle that is overactive or
firing out of phase. In normal individuals posterior tibial
muscle is active during stance phase to stabilize the foot
and inactive during swing phase. In patients with CP
the posterior tibial muscle contracts during swing phase
causing varus position of the foot at heel strike. The
anterior tibial muscle dysfunction may be associated. The
gastrocnemius and soleus contracture usually accompanies
the varus contracture and hence contributes to the vaurs
deformity of foot. EMG studies are helpful in determining
the activity of muscles.5 5 Spastic equinovarus deformity,
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if left untreated, may cause severe fixed foot deformity and
painful callosities under metatarsal heads and on the lateral
side of the foot. The gait pattern becomes less effective and
needs more energy.6 Various methods of treatment had been
advocated over the years for equino varus foot in patients
with CP. The procedures practiced and recommended have
been, ·split transfer of tibialis anterior tendon to the
cuboid.7 Split transfer of tibialis posterior tendon to the
peroneus brevis tendon8 split transfer of tibialis posterior
tendon anteriorly through interosseous membraneto lateral
cuniform9 rerouting of tibialisposterior tendon anterior
to medial malleolus.10 Tenotomy of tibialis posterior
tendon.11 Shortening of tibialis anterior tendon.12 In this
study the patients with forefoot varus and aquinus were
treated by split transfer of tibialis anterior to the lateral
cuniform. Percutaneus lengtheningof tendocalcaneus was
performed in all patients. The outcome was analyzed.
Split tendon transfer as compared to whole tendon transfer
is considered more effective as it distributes equally the
muscle power and eliminates the possibility of residual
deformity or over correction.13 Bony procedure is needed
in rigid foot deformity.14

2. Aims and Objective

To evaluate the effectiveness of split transfer of tibialis
anterior for equinovarus foot deformity in spastic cerebral
palsy children.

3. Materials and Methods

A prospective non randomizied study was carried out in the
Department of Orthopaedic December 2014 to 2016. 40 (27
hemiplegic and 13 diplegic) spastic cerebral palsy children
in the age group of 5 to 15 years with flexible varus foot
deformity(predominantly forefoot and midfoot inversion)
who were ambulatory or had potential for ambulation with
confusion test positive were included in the study. The
foot which showed overactivity of tibialis posterior were
excluded from the study.

3.1. Procedure

Tendoachilles lengthening was done in all cases. Steindler’s
procedure was done if cavus was present. Split tibialis
anterior tendon transfer to lateral cuneiform was done:
(Hoffer et al 1974).7 Post-operatively below knee cast was
given for 6 weeks. Then ankle foot orthosis(AFO) was
prescribed for 6 months along with tendon re-education
program. Pre-treatment gross motor functional classification
system (GMFCS) levels were compared to the patients’
latest evaluations. Factors associated with outcomes and
success rate were assessed.

Fig. 1: Case 1- A,B,C): The surgical procedure; D): Adequate
length of the splittend on was achieved; E): The split tendon
was passed subcutaneously into the incision made over the lateral
cuneiform and was then inserted into the hole made in the bone
under moderate tension; F): Post-operatively pop B.K. cast was
given for 6 weeks

Fig. 2: Case 2- Post- op
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Fig. 3: Case 3- After the removal of below knee cast

3.2. Statistics

Hoffer’s criteria

1. Graded as

(a) Very Good – 75%
(b) Satisfactory – 25%
(c) Poor – 5%

Table 1:
Cases Outcome
28 No deformity post-operatively, total foot contact on

the ground and proper shoe wearing
10 Mild varus, valgus or equinus deformity (Less than

50), Small foot contact and overnight braces were
used

2 Over correction, under correction or equinus > 5
degrees and braces were used

Graph 1: No of cases of unilateral foot

Graph 2: Age wise distribution

Table 2: According to GMFCS

GMFCS Initial no. of
children in

different GMFCS
level

Improvement in GMFCS
level of CP children at
follow up after 1.5yrs

I 3 5
II 21 23
III 12 9
IV 4 3
V 0 0

Graph 3: Mean value in improvement in GMFCS level of
CP children

There is no significant difference between initial and
follow-up data as witnessed by Wilcoxon’s Signed Rank
Test (p > 0.05). But looking at the individual performances,
some advantage of the treatment can be noticed.

4. Result

Fourty patients (40 unilateral feets) were included in the
study. Thirty two patients were male and eight patients were
female. The age range at start of sturdy was between five
and fifteen years (mean age 10years). Mean follow-up was
1.5 years (Range 1-2 years).28 patients were hemiplegic and
12 patients were diplegic. The range of varus deformity was
15◦ to 20◦ and range of equinus was between 16◦ to 25◦.
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Table 3:
Sex Number Percentage%
Male 32 80
Female 8 20
Total 40 100

The result of the study was carried out using the clinical
criteria of Hoffer. The feet were graded as very good in
75%, satisfactory in 25% and poor in 5% of cases. In
the follow up period of one year, in 28 feet there was
no deformity post-operatively, total foot contact on the
ground and proper shoe wearing was present, in 10 feet
there was mild varus or equinus deformity (less than 5◦)
and patient was prescribed ankle foot orthosis for overnight
use, in 2 feet there was under correction of equinus (>5◦)
and orthosis was prescribed for daytime use. Percutaneus
tendocalcaneuas lengthening was done in all cases. Patients
with excellent and very good results showed improvement
in gait and were able to walk with plantigrade feet. They
were wearing regular shoes and do not need brace. The
patients with good results were advised to wear night splint.
The patients with poor results needed brace during walking
and at night as well. Pre-treatment gross motor functional
classification system (GMFCS) levels were compared to
the patients’ latest evaluations. Factors associated with
outcomes and success rate were assessed. As per Table 2,
GMFCS Level improvement seen in 40 patients in Level I to
V.

5. Discussion

Spastic tibialis anterior is most often the cause of
varus–inversion deformity of forefoot and midfoot. When
the tibialis anterior muscle is over-active or tight, it tends to
pull the foot in. The muscles which balance this movement
on the outside of the foot are often weak and unable to
keep the foot in a normal position. Split transfer utilizes the
spastic nature of the muscle to counter balance the deformity
caused by the original muscle. This surgery balances the
pull of the muscle so that the foot lifts straight up instead
of pulling in. Hence, it is a better solution to the problem.
However accurate diagnosis of deforming muscle, i.e.
tibialis anterior or tibialis posterior is essential to produce
good result. Percutaneus tendo calcaneus lengthening was
done in all cases. Percutaneous tendo calcaneus lengthening
has shorter operating time, lower complication rate and
gives better active dorsal and plantar flexion abilities.15

Lengthening of the tendon weakens the muscle. With
additional lengthening of tendo calcaneus the planter flexion
strength is reduced.

Equino varus deformity of foot in patients with cerebral
palsy has been treated by various methods. Baker and Hill
(1964)10 advocated rerouting of the tibialis posterior tendon
anterior to the medial malleolus with satisfactory results, but

Bislaet at (1976)16 failed to achieve the adequate correction
of deformity in their patients. Banks and Panagakos
(1967)17 described lengthening of tibialis posterior in these
cases. On long term follow up many authors reported
high incidence of recurrence after lengthening of tibialis
posterior (Ruda and Frost 1971)14 (Root et al 1987).18

Lengthening of the tendon weakens the muscle. With
additional lengthening of tendo calcaneus the planter flexion
strength is reduced. Tenotomy of tibialis posterior tendon at
the site of its insertion resulted in many cases into collapse
of talonavicular joint. (Green et al 1983)11 (Root et al
1987)18 Kaufer H (1977)19 and Kling TF et al (1985)8

reported their results of split transfer of tibialis posterior
tendon to the peroneus brevis passing posterior to the
tibia. The results were satisfactory but their study included
patients who developed spasticity after encephalitis and
head injuries. Grzegorzewski A et al (2007)6 reported 89%
good clinical and functional results after 4.6 years of follow
up after split tibialis posterior transfer to peroneus brevis
tendon. M.J. Saji et al (1993),9 reported their results of
surgical procedure for spastic equinovarus deformity of foot
in patients with cerebral palsy. They transfer the anterior
half of the split tibialis posterior to the dorsum of the
foot through the interosseous membrane on 23 feet in 18
children. In their 8.4 years of follow up, using the criteria
of Kling et al. (1985)8 excellent results were obtained in 14
feet, good in eight, and poor result in only one.

The result of the study was carried out using the clinical
criteria of Hoffer. The feet were graded as very good
in 75%, satisfactory in 25% and poor in 5% of cases.
In the follow up period of one year, in 28 feet there
was no deformity post-operatively, total foot contact on
the ground and proper shoe wearing was present, in 10
feet there was mild varus or equinus deformity(less than
5◦) and patient was prescribed ankle foot orthosis for
overnight use, in 2 feet there was under correction of
equinus (>5◦) and orthosis was prescribed for daytime use.
Percutaneus tendocalcaneuas lengthening was done in all
cases. Pre-treatment gross motor functional classification
system (GMFCS) levels were compared to the patients’
latest evaluations. Factors associated with outcomes and
success rate were assessed. Patients with excellent and very
good results showed improvement in gait and were able to
walk with plantigrade feet.

6. Conclusion

Spastic T.A. is most often the cause of varus of forefoot.
Split transfer utilises the spastic nature of the muscle
to counter balance the deformity caused by the original
muscle. Hence, it is better solution to the problem. However
accurate diagnosis of deforming muscle, i.e, T.A or T.P. is
essential to produce good result.

Timely surgical intervention with an individualized
approach in the treatment of foot deformity has a definitive
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role in the rehabilitation of cerebral palsy children. Long
term follow- up is needed to see the actual effect of the
surgery.

However accurate diagnosis of deforming muscle prior
to surgery is essential to achieve the optimum results. The
dynamic electromyography and gait analysis should be
performed before surgery.
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