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Introduction. Equino-plano-valgus deformity of the feet (EPvDS) in patients with cerebral palsy is one of the most 
common and functionally significant pathologies of the lower extremities, which leads to changes in the shape of the 
feet, decreased support, and disturbance of gait biomechanics. An important task is to determine the effective methods 
of treating this pathology (and their combinations) to correct or reduce the severity of these disorders. The evaluation 
of the radiological changes occurring with the foot is also important.
Aim. The paper assesses the changes in the main X-ray significant indicators of the foot by using rammed implants in 
the treatment of mobile EPvDS in children with cerebral palsy.
Materials of the study. The assesses of radiological results of treatment of 64 patients from 6 to 17 years with mobile 
EPvDS and cerebral palsy have been analyzed using subtalar implants.
The results of study showed that 94% of cases showed good and satisfactory indicators, whereas 6% of patients showed 
unsatisfactory results.
Conclusion. High efficiency was shown by using subtalar implants combined with tenodesis and transposition of the 
anterior tibial muscle tendon in the treatment of mobile EPvDS in children with cerebral palsy of early and middle 
childhood.
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рентгенологичесКая оценКа хирургичесКого лечения 
стоп с применением подтаранных имплантов 
у пациентов с детсКим церебральным параличом
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Введение. Эквино-плано-вальгусная деформация стоп (ЭПВДС) у пациентов с детским церебральным парали-
чом (ДЦП) является одной из наиболее часто встречающихся и функционально значимых патологий нижних 
конечностей, которая ведет к изменению формы стоп, снижению опорности и нарушению биомеханики по-
ходки. Важной задачей является поиск эффективных методик лечения данной патологии (и их комбинаций) 
с целью коррекции или снижения степени выраженности указанных нарушений. Не менее важной является 
оценка рентгенологических изменений, происходящих со стопой.
Цель исследования — оценка изменения основных рентгенологически значимых показателей стопы при при-
менении подтаранных имплантов в лечении мобильной эквино-плано-вальгусной деформации стоп у детей 
с ДЦП. 
Материалы и методы. Проанализированы рентгенологические результаты лечения 64 пациентов в возрасте от 
6 до 17 лет с мобильной ЭПВДС, страдающих ДЦП, с применением подтаранных имплантов.
Результаты и обсуждение. Хорошие и удовлетворительные результаты получены в 94 % случаев, неудовлет-
ворительные — у 6 % пациентов.

 For citation: Aleksandrov SA, Syundyukov AR, Yakovleva SK. X-ray evaluation of surgical treatment of the feet by using subtalar implants in patients with cerebral palsy. 
Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. 2018;6(4):20-26. doi: 10.17816/PTORS6420-26

https://crossmark.crossref.org/dialog/?doi=10.17816/PTORS6420-26&domain=PDF&date_stamp=2018-12-29


ORiGinAl PAPERS 21

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 6. issue 4. 2018

Заключение. Сделан вывод о высокой эффективности использования подтаранных имплантов в сочетании 
с  тенодезом и транспозицией сухожилия передней большеберцовой мышцы в лечении мобильной ЭПВДС 
у детей с ДЦП раннего и среднего детского возраста.

Ключевые слова: детский церебральный паралич; эквино-плано-вальгусная деформация; подтаранный артроэрез.

introduction

According to most published studies, the global 
prevalence of infantile cerebral palsy (cerebral 
palsy) ranges from 2.5–5.6 to 8.9 per 1000 children. 
In Russia, the prevalence of known cases of 
cerebral palsy is 2.2–3.3 cases per 1000 children 
[1, 2]. Cerebral palsy is characterized by multiple 
contractures and deformities of limb segments with 
various degrees of severity. These lead to limitation of 
motor capabilities, up to the complete impossibility 
of vertical orientation and movement  [3]. Motor 
disorders in cerebral palsy are disabling and have 
high economic impact [1, 2, 4].

Talipes equinoplanovalgus (TEPV) is detected 
in 25% of patients with cerebral palsy [5, 6]. Several 
studies have reported that it is detected in 42% of 
cases with spastic diplegia, the most common form 
of the disease [5, 7].

The primary cause of TEPV in patients with 
cerebral palsy is the equinus foot position or 
secondary fixed retraction of the triceps muscle of 
the calf. Much less often, it is caused by the peroneal 
set of muscles [5, 8, 9], which subsequently results 
in degenerative damage to the posterior tibial 
muscle tendon due to loss of elasticity in its fibers.

With a vertical load on the forefoot, the capsule 
of the midtarsal joint begins to stretch, making 
it unstable. Due to the constant retraction of the 
Achilles tendon and displacement of the heel bone 
upward and outward, instability in the subtalar joint 
increases. All of this moves the heel bone to the 
valgus position, forms a subluxation or dislocation 
inward in the talo-navicular joint, forms an outer 
subluxation in the calcaneocubital joint, and 
pronates the anterior part of the foot [5, 10–13]. 
The static load falls on the medial edge of the foot, 
and the abduction and rotation of the forefoot often 
lead to valgus deviation of the great toe.

In specialized medical journals, there are 
insufficient data on the outcomes of various 
surgical methods of foot reconstruction in cerebral 
palsy. Considering this background, this topic is of 
interest in all health care settings and is relevant to 
all health care providers.

This study aimed to assess changes in 
radiological parameters in the treatment of patients 
with mobile TEPV. Two techniques with subtalar 
implants were used (isolated arthroereisis and 
arthroereisis in combination with transposition and 
tenodesis of the anterior tibial muscle tendon).

materials and methods

This study included the results of surgical 
treatment of 64 patients (128 feet) with mobile 
TEPV with cerebral palsy (spastic diplegia, double 
hemiplegia) treated in the pediatric department of 
the Federal Center for Traumatology, Orthopedics 
and Endoprosthetics (Cheboksary) from 2013 
to 2016.

Depending on the type of surgical procedure 
(isolated or combined), the patients were divided 
into two groups. For patients in group 1 (n = 33), 
arthroereisis with a subtalar implant was performed. 
With this surgical intervention, excessive pronation 
was limited without significant obstacles for 
supination, which was observed in arthrodesis. 
For patients in group 2 (n = 31), after treatment 
of equinus deformity, transposition and tenodesis 
of the anterior tibial muscle tendon under the 
tuberosity of navicular bone were performed 
according to the technique developed at the Samara 
State Medical university [13]. The procedure was 
supplemented with grafting of the capsule of the 
talo–navicular joint with creation of duplication. 
Surgical intervention ended with an implant being 
placed in the subtalar sinus.

The age of patients at the time of surgery ranged 
from 6 to 17 years, with 26 patients aged 6–9 years, 
36 patients aged 10–13 years, and two patients aged 
14–17 years (Table 1). There was no significant 
difference in age ratio for patients in both study 
groups.

Foot deformities were mobile in nature (mobility 
in the subtalar joint). In terms of severity and 
features of deformities of the feet, the groups were 
very similar.

Surgical treatment was performed in both feet.
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In all surgery, recession of m. gastrocnemius or 
lengthening of the Achilles tendon was performed, 
which was determined by the Silfverskiold test.

Arthroereisis of the subtalar joint was performed 
using a polyethylene-coated titanium implant 
(Kalix II Flat Foot Implant, Newdeal; 118 pcs.) 
and a titanium cannulated subtalar screw (Bioarch 
Subtalar System Implant, Wright;10 pcs.) (Fig. 1).

Subtalar implants with a self-locking edge were 
made from various materials and inserted into the 
sinus tarsi from the lateral side. These products 
prevented contact of the lateral process of the ankle 
bone with the base of sinus tarsi, limited plantar 
flexion and adduction, and prevented eversion and 
pronation in the subtalar joint.

The implants were available in a wide range 
of sizes for more accurate correction of pronation 
deformity of the hindfoot.

A battery of examinations, including clinical and 
radiological studies, were conducted for all patients 
admitted for surgical treatment. Radiological 
studies were performed in the dorso-plantar and 
lateral views under load, which enabled objective 
assessment of the degree of foot deformity.

In the postoperative period, plaster immo-
bilization was applied for 4 weeks. After 2 weeks, 
patients were allowed vertical load on the operated 
limbs in a cast. After cessation of immobilization, 
all patients underwent a course of recovery 
rehabilitation treatment, including physiotherapy 

(paraffin “boots”, pine-salt baths) aimed at relieving 
post-mobilization pain syndrome and improving 
microcirculation in the lower extremities; massage 
of the muscles of the lower extremities; and 
orthopedic shoes with arch support.

At the end of the recovery period, a subjective 
comparative assessment of gait before and after 
the surgery (appearance, stability) by the patient’s 
parents was considered.

Statistical analysis of the data was performed 
using Microsoft Excel 2007 software. Data variability 
was subject to the laws of normal distribution, and 
results were presented as mean (M) and mean error 
of the mean value (m). To assess the significance of 
differences in mean values in groups, Student’s t-test 
was used, and p < 0.05 was considered statistically 
significant.

results and discussion

To determine the severity of deformity, 
a  table was developed on the basis of clinical and 
radiological data (I.I. Mirzoeva, M.P. Konyukhov, 
Yu.A. Kurochkin, 1978).

The surgical results being reviewed were 
estimated to be within 1 year to 3 years and 
10  months postoperative. The efficacy of treatment 
was assessed by radiographs made in two views 
under load.

The results were very good when radiological 
signs of the disease were eliminated (talocalcaneal 
angle in frontal view was less than 30°, in lateral 
view was less than 40°, longitudinal angle was less 
than 140°, and heel valgus was less than 10°).

The results were considered satisfactory when 
radiological indicators were improving (talocalcaneal 
angle in frontal view was from 30° to 40°, in a lateral 
view was from 40° to 50°, longitudinal angle was from 
140° to 150°, and heel valgus was from 10° to 15°).

unsatisfactory outcomes of treatment included 
persistent pain, discomfort while walking, implant 

Table 1
distribution by age of patients in groups 1 and 2

Type of surgical intervention
Age of patients (years)

6–9 10–13 14–17

Group 1 — isolated arthroereisis (number of patients) 16 15 2

Group 2 — arthroereisis with transposition and tenodesis of the 
anterior tibial muscle tendon (number of patients) 10 21 –

а b
Fig. 1. Subtalar implants:  

а — Kalix II Newdeal; b — Bioarch Wright
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migration, a significant loss of correction, impaired 
support, talocalcaneal angle in frontal view of more 
than 40°, talocalcaneal angle in lateral view of more 

than 50°, longitudinal angle of more than 150°, 
and pronounced valgus of the posterior part (more 
than 15°) (Tables 2, 3).

Table 2
average value of radiological indicators in group 1 before and after surgery (М ± m), angles in degrees

Indices Normal Before surgery After surgery Dynamics, %

Talar-peroneal angle 90–105 140.21 ± 1.34 128.56 ± 1.28 –8.3

Talocalcaneal angle (lateral view) 30 45.06 ± 0.65 37.65 ± 0.42 –16.4

Talocalcaneal angle (frontal view) 20 45.88 ± 0.75 33.29 ± 0.58 –27.4

Calcaneal-plantar angle 30 7.82 ± 0.34 12.97 ± 0.39 65.9

Angle of deviation of the great toe 10 26.53 ± 0.66 23.06 ± 0.47 –13.1

Height of longitudinal arch (mm) 35 10.74 ± 0.70 18.74 ± 0.76 74.5

Angle of the longitudinal arch 120–135 147.79 ± 1.22 133.88 ± 0.97 –9.4

Table 3
average value of radiological indicators in group 2 before and after surgery (M ± m), angles in degrees

Indices Normal Before surgery After surgery Dynamics, %

Talar-peroneal angle 90–105 148.30 ± 0.94 111.40 ± 1.07 –24.9

Talocalcaneal angle (lateral view) 30 49.27 ± 0.95 42.73 ± 0.48 –13.3

Talocalcaneal angle (frontal view) 20 43.53 ± 1.65 23.47 ± 0.47 –46.1

Calcaneal-plantar angle 30 7.47 ± 0.34 11.20 ± 0.38 49.9

Angle of deviation of the great toe 10 31.13 ± 0.94 24.20 ± 1.01 –22.3

Height of longitudinal arch (mm) 35 4.40 ± 0.50 19.63 ± 0.39 346.1

Angle of the longitudinal arch 120–135 162.37 ± 1.80 137.17 ± 1.38 –15.5

The main radiometric parameters of patients 
in group 1 (isolated arthroereisis) before and after 
surgery were significantly improved (p < 0.005). 
The most pronounced dynamic was observed in the 
height of the longitudinal arch and calcaneal-plantar 
angle (an increase by 1.7 times on average) and the 
size of the talocalcaneal angle in the frontal view 
(a decrease by an average of 27.4%). The remaining 
indices changed to a lesser extent.

The main radiometric parameters of patients 
in group 2 (arthroereisis with transposition and 
tenodesis of the anterior tibial muscle tendon) 
before and after surgery were significantly improved 
(p < 0.005). The most pronounced dynamic was 
observed in the height of the longitudinal arch (an 
increase of 4.5 times on average), the calcaneal-
plantar angle (an increase of 1.5 times on average), 
the size of the talocalcaneal angle in the frontal 
view (a decrease by an average of 46.1%), the talar–
peroneal angle (a decrease of an average of 24.9%), 
as well as the angle of deviation of the great toe 
(a decrease by an average of 22.3%).

Changes in radiological indicators of an 
increase in the height of the longitudinal arch and 
calcaneal-plantar angle and a decrease in the size 
of the talocalcaneal angle in the frontal view can 
be considered significant for correction of mobile 
planovalgus deformity in patients with cerebral 
palsy. These finding agreed with the data of several 
authors who analyzed the results of treatment when 
conducting arthroereisis with subtalar implants in 
patients with neuromuscular diseases [5, 14].

Radiographic indicators of deformity correction 
showed a higher numerical value in group 2 
compared to group 1, except for the calcaneal-
plantar angle and the angle of deviation of the 
great  toe.

Results of treatment in group 1 (33 patients) 
were assessed as very good in 13 cases (39.4%), 
satisfactory in 16 cases (48.5%), and unsatisfactory 
in four cases (12.1%). In one case, persistent pain 
syndrome was noted at 16 months after surgical 
treatment. Conservative treatment had no effect, 
resulting in the removal of implants on both sides 
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without losing correction, after which the pain 
syndrome was resolved.

In three cases, after performing isolated 
arthroereisis, Kalix implant migration with a partial 
loss of valgus deformity correction was seen.

The results of treatment in group 2 (31  pa-
tients) were rated as very good in 23 patients 
(74.2%), satisfactory in seven cases (22.6%), and 
unsatisfactory in one case (3.2%, the case of Kalix 
implant migration). No cases of migration of 
Bioarch subtalar implants were noted.

When performing the subtalar arthroereisis 
supplemented by transposition and tenodesis of 

the anterior tibial muscle tendon, the radiological 
indicators of correction of the middle section and 
height of the longitudinal arch of the foot were 
higher.

Clinical example

Patient Ch., 8 years old. Diagnosis: cerebral 
palsy with spastic diplegia and severe talipes 
equinoplanovalgus. The patient was admitted to 
the clinic with complaints of gait abnormality, 
deformity  of the feet, and difficulty in wearing 
shoes (Fig. 2).

 а b c

Fig. 2. Radiographs of the feet under load before the surgery: a — frontal view; b, c — lateral views

Fig. 3. Radiographs of the feet under load 2 years and 6 months after surgery (lateral views)

Fig. 4. Radiographs of the feet under load 1 year after the removal of implants (lateral views)
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The surgery to eliminate TEPV was performed 
(Strayer surgery, subtalar arthroereisis, transposition 
with tenodesis of the anterior tibial muscle tendon 
under the navicular bone, grafting of the capsule 
of the talo-navicular joint). A cylinder plaster cast 
was applied from the upper third of the thigh to the 
tips of the toes. After 2 weeks, vertical orientation 
with a partial load in a plaster cast was allowed, 
4 weeks after the plaster cast was removed, and 
a  rehabilitation course was started. After 2 years 
and 6 months, the subtalar implants were removed 
(Fig. 3, 4).

Conclusion

In the treatment of mobile TEPV in children 
with cerebral palsy, the use of subtalar implants 
in combination with the transposition and 
tenodesis of the anterior tibial muscle tendon 
provides better results of deformity correction 
compared with isolated arthroereisis and prevents 
further progression of deformity. We did not 
find a clear correlation between the dynamics of 
radiological indicators and gait changes during the 
subjective comparative assessment by the patient’s 
parents (appearance, stability) before and after  
surgery.
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