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The main cause of heel foot is muscle imbalance due to dysfunction of the triceps femoris muscle. Literature data 
indicate the need to study issues related to changes in the anatomy and function of the foot flexor muscles and cal-
caneus and to determine indications for optimal methods of correction of heel foot.

Purpose – to study the anatomical and functional changes in the calf muscle and bones in children with heel foot 
to determine the optimal methods of diagnosis and correction of deformity.

Materials and methods. We analysed the results obtained during the treatment of 14 patients (28 cases) aged 
11 to 17 years with cerebral palsy complicated by calcaneal foot formation. Two groups were formed: the main group 
of 6 patients (12 cases), in which posterior calcaneal osteotomy with Achilles tendon plasty and transposition of the 
tibialis anterior tendon was performed; the comparison group of 8 patients (16 cases), in which only soft tissue 
surgery was performed. The comparative group was divided into 2 subgroups, which differed in radiological para-
meters of Bohler and Kite Danilov angles: the subgroup A – 3 patients 6 cases), the subgroup B – 5 patients (10  cases). 
Clinical and radiological methods were used to examine patients.

Results. The structure and shape of the calcaneus change in the presence of heel foot, which leads to changes in 
the Danilov angle and the angles between the trabecular lines. Correction of the shape of the calcaneus is a prere-
quisite for creating optimal biomechanical gait conditions. Transplantation of the tibialis anterior tendon eliminates 
the pathological effect of its retraction; achilloplasty eliminates the functional deficiency of the triceps tendon.

Conclusions. The results of surgical correction on soft tissues showed effectiveness at Bohler, Kite <350, Danilov 
<400 angles. At higher values, it is necessary to supplement the intervention with a posterior calcaneal osteotomy.

The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was 
approved by the local ethics committees of all institutions participating in the study. Informed consent was obtained 
from the patients.

No conflict of interests was declared by the authors.

Keywords: heel foot, children, surgical treatment, kinematic muscle chain, bone deformity, muscle anatomy, 
osteotomy, tendon plastics, bone power lines.
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Introduction
The heel foot in children with cerebral palsy is formed 

in 6% of cases [15,20,24,28]. The main reason for its oc-
currence is muscle imbalance due to dysfunction of the 
triceps femoris muscle [18,19,31,32]. The causes of mus-
cle weakness include lengthening of its kinematic chain, 
which is aimed at eliminating the equinus position of the 
foot, bringing the fixation points closer together in 
 flexion contractures of the knee joints and reducing the 
duration of the force contraction phase, which leads to 
functional muscle tissue deficiency [5,13].

Restoration of the triceps function is one of the main 
factors in deformity correction. It is proposed to shorten 
the Achilles tendon, tenodesis according to Westin, 
transplantation of the extensor muscles to the Achilles 
tendon [3,29,39,45].

At the same time, the authors note the disadvantages 
of the proposed treatment methods, which arise due to 
the lack of objective calculations of kinematic chain 
shortening and insufficient study of the processes oc-
curring in muscles and tendons [2,9,14,30,37]. In the 
process of growth of children with cerebral palsy, the 
position and shape of bones in the middle and hind-
quarters change under the influence of multidirection-
al forces, which leads to the formation of a stiff foot 
[1,11,21,25]. However, there is no analysis of the posi-
tion and anatomy of the calcaneus, the ratio of its height 
and length, the architectonics of power lines, Kite and 
Bohler’s angles.

This has led to the development of a large number of 
methods for surgical correction of these deformities 
[5,7,8,10,16,17]. For example, the use of anterior or pos-
terior calcaneal osteotomy, tricuspid and tibiofemoral 
arthrodesis is proposed [13,18,22,38]. However, there 
are no specific indications for their performance.

Thus, the analysis of the literature shows the need for 
a detailed study of issues related to changes in the ana-
tomy and function of the foot flexor muscles and calca-

neus and the determination of indications for optimal 
methods of correction of the heel foot.

The purpose of the research – to study the anatomical 
and functional changes in the calf muscle and bones in 
children with heel foot to determine the optimal me-
thods of diagnosis and correction of deformity.

Materials and methods of the study
We analysed the results obtained during the treatment 

of 14 patients aged 11 to 17 years with cerebral palsy 
complicated by heel foot formation. Each foot was con-
sidered as a separate clinical case. All children had bila-
teral foot deformities.

After the examination, it was found that the heel foot 
was formed in children after achilloplasty, Stryer and 
Vulpius operations and as a result of knee joint contrac-
ture in patients with cerebral palsy.

In order to study the results of the application of cer-
tain methods of heel foot correction, 2 groups were iden-
tified. The main group (12 cases), in which posterior 
calcaneal osteotomy with Achilles tendon plasty and 
transposition of the tibialis anterior tendon was per-
formed (Bohler, Kite angle >350, Danilov angle >400). 
The comparative group (16 cases), in which Achilles ten-
don shortening and transposition of the tibialis anterior 
tendon were performed. Taking into account the diffe-
rence in radiological parameters of Bohler, Kite, Danilov 
angles, the comparison group was divided into 2 sub-
groups: the subgroup A – 6 cases (Bohler, Kite angle 
<350, Danilov angle <400); the subgroup B – 10 cases 
(Bohler, Kite angle >350, Danilov angle >400).

When conducting podometric and radiological stu-
dies, it was found that the indicators depend on the age 
of children, which is confirmed by Boyle MJ, Walker CG 
Shoukry FA [2,39]. Therefore, to determine the reference 
values, an anthropometric study was conducted in 
15 children aged 12–17 years without pathology of the 
central nervous system.
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Inclusion criteria: rigid heel foot in children with ce-
rebral palsy.

Exclusion criteria: heel foot in flaccid paralysis caused 
by congenital pathology or spinal cord injury.

The clinical examination included the determination 
of active and passive movements in the joints of the foot. 
Motor skills were assessed according to the Gross Motor 
Function Classification System (GMFCS).

Foot condition before surgical treatment according 
to the American Orthopaedic Foot Association Scale 
(AOFAS).

The load on different parts of the foot was studied 
using baropodometry. For this purpose, the longitudinal 
load coefficients were determined [6].

Ultrasound diagnostics (US) was used to study the 
ratio of the length of the muscle and tendon parts of the 
calf muscle.

In order to study the main force vectors directed to 
the anterior and posterior compartments of the calcane-
us, the lines along the internal and external trabecular 
meshes were studied (Fig. 1).

The radiological Bohler angle in the lateral projection, 
which reflects the position of the calcaneus, was investi-
gated. The angle is formed by the intersection of a line 
drawn through the apices of the anterior process and the 
posterior calcaneal facet and a line drawn through the 
apices of the calcaneal tubercle from the posterior calca-
neal facet (Fig. 2).

We also measured the Kite angle in the lateral projec-
tion, which is formed by the intersection of the longitu-
dinal axes of the talus and calcaneus (Fig. 3).

The digital values were statistically processed to de-
termine M±m, the coefficient of reliability according to 
Student’s criteria. The significance was set at the level of 
p<0.5–0.05.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. The study protocol 
was approved by the local ethics committees of all insti-
tutions participating in the study. Informed consent was 
obtained from the patients.

Results of the study and discussion
To study the ratio of the length of the muscle and ten-

don parts of the calf muscle, ultrasound was used ac-

cording to the method of A. Kruse [25]. In order to op-
timise the examination methodology, the authors 
developed a manual method for assessing the ratio of 
tendon to muscle, which consists in measuring the 
length of the entire muscle from the heel tubercle to the 
inner ankle of the femur (the point of attachment of the 
medial head). Next, the place where the muscle passes 
into the tendon part was marked. The distance from the 
given point to the heel tubercle was measured. In this 
case, the foot was at an angle of 900 to the lower leg. On 
the basis of the obtained digital values, the ratio of the 
tendon part to the muscle part (C) was determined in 
percentage according to the formula: C=BN×100/AB, 
where A is the distance from the attachment point of the 
medial head to the inner ankle of the femur; B is the 
distance from the attachment point of the gastrocnemius 
tendon to the calcaneus; (the distance was measured in 

,�-(�.(�fGIJSOLGga�Sh�KaH�hSSK�JR�\GKHLG\�]JHi(�jLGkHMN\GL�\JRHl�
Sh�KaH�GRKHLJSL�GRI�gSlKHLJSL�MG\MGRHNlC�G�>�gSlKHLJSL?�
k�>�MHRKLG\?�M�>�GRKHLJSL

,�-(�/(�fGIJSOLGga�Sh�KaH�hSSK�
JR�\GKHLG\�gLSmHMnSR(�$HKHLXJ-
RGnSR�Sh�KaH�̀ Sa\HL�GRO\H

,�-(�0(�fGIJSOLGga�Sh�KaH�hSSK�
JR�\GKHLG\�]JHi(�$HKHLXJRGnSR�
Sh�KaH�bJKH�GRO\H�

Table 1
Comparison of reference and mean values of the length of the tendon part of m. gastrocnemius in relation to the muscle part 
depending on the cause of heel foot formation (%)
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centimetres). N – the point of transition of the gastro-
cnemius muscle to the tendon part (Fig. 4).

In order to substantiate the reliability of the manual 
method of measuring the ratio of the length of the ten-
don and muscle parts of the calf muscle, a comparative 
assessment of the indicators using ultrasound was per-
formed. Therefore, to determine the reference values, an 
anthropometric study was conducted in 15 children 
aged 12–17 years without pathology of the central ner-
vous system. The reference values of the ratio were 
27.3±2.8%.

The data indicated the absence of a large discrepancy 
depending on the method of examination, which indicates 
the reliability of the manual technique. The dependence of 
indicators of the ratio of the length of the muscle and ten-
don parts of the calf muscle depending on the cause of the 
deformity formation was established (Table 1).

The analysis of the ratio of the tendon and muscle 
parts of the calf muscle showed that the lengthening of 
the Achilles tendon was the greatest after the previous 
operations: Strayr, Vulpius, and transverse section of the 
tendinous-aponeurotic stretch of the calf muscle. This 
phenomenon can be explained by the uncontrolled 
lengthening of the tendinous-aponeurotic part of the 
calf muscle during its crossing and fibrous degeneration 
of the foot flexor muscle tissue.

A significant lengthening of the Achilles tendon is 
also noted in flexion contractures of the knee joints, as 
the muscle retracts. And in the long clinical course of the 
disease, degenerative and dystrophic changes in muscle 
tissue occur, which, when combined, cause muscle 
shortening and relative lengthening of the tendon. This 
position is confirmed by the direct dependence of the 
degree of relative lengthening of the tendon and the size 
of the contracture angle in the knee joint (Fig. 5).

Taking into account the results obtained, it should be 
noted that in the presence of flexion contractures of the 
knee joints and heel foot, it is necessary to first eliminate 
the contracture of the knee joints (simultaneously or in 
a separate stage), and then correct the foot. If this prin-
ciple is not followed, an unsatisfactory result is possible 
due to inadequate modelling of the length of the kine-
matic chain of the muscle part and Achilles tendon, 
which can lead to the formation of an equinus foot setup.

In the process of studying foot pathology, the Bohler 
and Kite angles are usually assessed, but they do not take 
into account the biomechanics of the load on the calca-
neal tuberosity. In order to assess in detail the deforma-
tion of the calcaneus as a result of changes in the position 
of the calcaneal tubercle, the authors developed a me-
thod for determining the angle formed by the intersec-
tion of the line drawn through the apexes of the anterior 

,�-(�J(�$HKHLXJRGnSR�Sh�KaH�LGnS�Sh�KaH�\HROKa�Sh�KaH�KHRISR�
gGLK�KS�KaH�XNlM\H�gGLK�Sh�KaH�OGlKLSMRHXJNl�XNlM\HC�p�>�KaH�
gSJRK�Sh�GqGMaXHRK�Sh�KaH�XHIJG\�aHGI�KS�KaH�JRRHL�GRQ\H�Sh�
KaH�hHXNL?�̀ �>�KaH�gSJRK�Sh�GqGMaXHRK�Sh�KaH�OGlKLSMRHXJNl�
KHRISR�KS�KaH�MG\MGRHNl?���>�KaH�gSJRK�Sh�KLGRlJnSR�Sh�KaH�
OGlKLSMRHXJNl�XNlM\H�KS�KaH�KHRISR�gGLK
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process and the posterior facet of the calcaneus and the 
line drawn between the sustentaculum tali and the cen-
tre of the calcaneus (hereinafter referred to as the Dani-
lov angle; Fig. 6).

Radiological data in the examination of patients with 
heel foot indicate that the greatest changes occur in the 
Bohler, Kite, Danilov angles (Table 2).

In the course of the study, congruence disorders in 
the joints of the hindfoot and changes in the configu-
ration of the calcaneus due to the progression of pa-
thology were found. The Kite and Bohler angles in heel 
foot almost do not differ from the reference values and 

provide an incomplete picture of changes in the hind-
foot. Also, their use is ineffective in assessing changes 
in the shape and configuration of the calcaneus, unlike 
the Danilov angle.

We have noted a decrease in the angles between the 
trabecular lines of the calcaneus, which correlate with 
the increasing values of the Bohler and Danilov angles 
(Fig. 7).

The table shows the angles between the trabecular 
lines, which decrease in heeled feet due to changes in the 
position of the heel bone and the restructuring of the 
trabecular meshwork (Table 3).

Table 2
Average values of radiological parameters before surgery (in degrees)
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Table 3
The average value of the trabecular line angles of the calcaneus before surgery (in degrees)
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The direction of the power lines in heel foot indicates a 
change in the load on the hindfoot with the fulcrum on 
the calcaneus. Conditions are created when, in the ab-
sence of traction of the hindfoot in the proximal direction, 
the load axis passing through the calcaneus changes.

Under normal conditions, the load is uniform on the 
anterior, middle and calcaneal tuberosity with the trans-
fer of force to the talus neck and its transfer to a hori-
zontal position. In the presence of a heel foot, the angle 
and distance between the trabecular lines of the anteri-
or and posterior calcaneus decreases, indicating that the 
load axis is transferred mainly to the calcaneus, which 
changes position in the main direction. Thus, the rela-
tionship between the Bohler angle and the position of 
the calcaneus changes. Indicators of the angle between 
the anterior and posterior compartments of the calca-
neus are more characteristic of changes in the anatomy 
of the calcaneus. Therefore, a prerequisite for creating 
optimal biomechanical conditions is to correct the 
shape of the calcaneus in accordance with its normal 
anatomical parameters. To confirm this position, the 
functional state of the foot and motor motor skills in 
patients of the main and comparison groups were stu-
died (Table 4).

The results of the motor motor assessment, which was 
carried out in groups according to the Gross Motor 
Function Classification System (GMFCS), were as fol-
lows: the comparison group A – 4 cases of level II, 

2  cases of level III; the comparison group B – 6 cases of 
level III, 4 cases of level IV; the main group – 6 cases of 
level III, 6 cases of level IV.

In order to determine the length by which the kine-
matic chain should be shortened, the ratio of the length 
of the tendon part to the muscle part of the calf muscle 
was determined. Surgical access was started with a 
6–7 cm long incision along the lateral edge in the projec-
tion of the Achilles tendon, then the place where the calf 
muscle transitions to the tendon part was identified. The 
distance from the marked area to the point of attachment 
of the Achilles tendon to the calcaneus was measured. 
The tendon was mobilised for 5 cm and crossed trans-
versely. The proximal segment of the tendon was moved 
along the distal segment to a distance that corresponded 
to the difference in the ratio between the standard values 
in each case. If the normal values correspond to 27%, and 
the patient has 45%, then the desired number is 18% (the 
distance by which the kinematic chain should be shor-
tened). The criterion for sufficient correction is the posi-
tion of the foot in the ankle joint 1000-1100. Lower values 
indicate an insufficient correction of the tendon length 
due to miscalculation or technical error. The ends of the 
tendon were stabilised with sutures.

Tendon transplantation of the tibialis anterior muscle 
was performed by isolating, transecting and mobilising 
it at the site of attachment of the medial sphenoid bone 
and the base of the first metatarsal bone. Then, with the 
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help of additional incisions of 1.5–2 cm, the tendon was 
isolated to the border of the lower and middle third of 
the anterior surface of the tibia and was passed through 
the intertibial space, where it was fixed at the site of at-
tachment of the Achilles tendon to the calcaneal tu-
bercle. For better stabilisation, a cleft was formed in the 
Achilles tendon, into which the transplanted tendon was 
inserted and fixed. Osteotomy of the calcaneus was per-
formed from an incision along its lateral surface. The 
distal bone fragment was displaced in the proximal and, 
if necessary, in the medial direction to the required 
amount and fixed with two screw-tapped pins. In the 
presence of a valgus foot deviation, the calcaneus was 
corrected in two projections (Fig. 8).

Postoperative management of patients: the foot was 
immobilised with a plaster cast of the «Boot» type for 
5–6 weeks, depending on the patient’s age. Subsequent 
immobilisation of the foot was carried out with a dyna-
mic orthosis for 8–12 months in combination with phys-
iotherapy until its full function was restored (Fig. 9).

The analysis of radiological examinations after sur-
gery shows an increase in the Kite, Bohler, Danilov 
 angles (Table 5).

Indicators show that soft tissue surgery, without cor-
recting the shape of the calcaneus, is effective in mode-
rate calcaneal deformity (Danilov angle <400).

After the surgical treatment, a change in the load on 
the hindfoot was achieved. As a result, the trabecular 
meshwork of the calcaneus was restructured, as evi-
denced by changes in the angles of the trabecular lines 
(Table 6).

The trabecular line angles also indicate that soft tissue 
surgery, without correcting the shape of the calcaneus, 
was effective at angles: between the anterior lines >700; 
between the central and posterior lines >650.

In the comparative group B, at higher radiological 
 angles (Kite, Bohler ≥350, Danilov ≥400), the longitudi-
nal load coefficient increases, which shows insufficient 
recovery of the main biomechanical parameters (most 
of the load is carried out on the hindfoot). The foot as-
sessment according to the AOFAS scale indicates poor 
functional adaptation of patients (Table 7).

Insufficient symptomatic and functional correction of 
the deformity negatively affects motor skills. Thus, ac-
cording to the GMFCS scale, level I is achieved only in 
the main group and in the comparison A.

In the world literature, there are mixed views on the 
causes of heel foot. Thus, some authors believe that ex-
cessive lengthening of the triceps kinematic chain after 
correction of the equinus foot is the main cause of the 
formation of heel foot [12,18,29,22,35]. The greatest 
elongation, in our opinion, is noted in the transverse 
section of the aponeurotic stretch of the gastrocnemius 
muscle, and the diastasis of the section is formed by ex-
tending the foot in the ankle joint more than 900. 

Table 5
Comparison of radiological angles before and after surgery (in degrees)
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It should be noted that Strayr’s proposal is a U-shaped 
cut of the gastrocnemius muscle at the border of the ten-
dinous-muscular part with 2–3 mm of aponeurotic 
bands preserved along its edges [42]. However, with in-
sufficient or excessive length of the lateral parts of the 
aponeurosis, an inadequate lengthening of the gastro-
cnemius muscle chain is created with insufficient correc-
tion of the equinus contracture of the foot or the forma-
tion of a heel deformity. Some researchers [43] suggest a 
transverse section of the tendon-aponeurotic stretch 
with fixation in a given position, but this creates a high 
risk of excessive chain lengthening.

The analysis of observations of patients with heel foot 
who had an increase in the kinematic chain showed that 
the smallest lengthening of the tendon relative to the 
muscle part was noted in patients after achilloplasty. This 
surgical intervention is not widely used today. To pre-
vent complications, the authors propose a mathematical 
calculation of the amount of lengthening of the Achilles 
tendon [2,41].

After analysing the results of treatment of patients 
with different pathogenetic causes of heel foot, it should 
be noted that the length of the tendon part relative to the 
gastrocnemius muscle is influenced by factors not only 
by excessive lengthening of the kinematic chain, but also 
by the degree of retraction of the muscle itself and its 
degenerative and dystrophic changes observed in flexion 

contracture of the knee joint. Thus, it can be argued that 
heel foot as a consequence of functional insufficiency of 
the triceps femoris muscle is multifactorial in nature. 
Correction of the equinus foot does not take into ac-
count the degree of spasticity, the position of the foot in 
the ankle joint after crossing the tendon-muscle stretch 
of the calf muscle, as well as the duration of postopera-
tive foot fixation, which leads to the formation of heel 
foot. When restoring the function of the triceps muscle 
using the manual method of assessing the ratio of the 
tendon to muscle part, an adequate correction of the ki-
nematic chain is achieved. This makes it possible to re-
store the structure and function of the muscle.

Tibialis anterior tendon transplantation is aimed at 
two things: elimination of the pathological effect of its 
retraction and compensation for the functional deficien-
cy of the triceps tendon.

When analysing radiographs of the foot in children 
aged 6 to 12 years, some authors found that the values of 
the main 11 clinical useful angles change with age. To 
evaluate the main radiological parameters, it is necessary 
to take into account the age of patients, as well as anthro-
pometric data [23,26,33]. The analysis of the radiological 
parameters of the foot in children aged 12–17 years 
shows that the range of differences in the indicators is 
within 200-250. Given the particularly large differences 
in the Kite and Bohler angles, the study presents its own 

Table 6
Comparison of heel trabecular line angles before and after surgery (in degrees)
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Table 7
Comparison of the functional state of the foot and lower leg before and after surgery
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standard values. Also, these angles do not take into ac-
count changes in the shape and structure of the calcane-
us during the formation of pathology. Therefore, we 
proposed measuring the angles between the anterior, 
middle and posterior trabecular lines, as well as the 
Danilov angle.

K. Bo. Park and co-workers [36] proved that patients 
with myelodysplasia heel foot had a disturbance in the 
shape of the foot bones, mainly of the middle and poste-
rior compartments. Our own observations have shown 
that sufficient correction of the deformity by shortening 
the Achilles tendon and transplanting the tibialis anterior 
muscle to the site of fixation of the Achilles tendon to the 
calcaneus is possible at a Bohler angle of <350 and a Dani-
lov angle of <400. At higher values, reshaping of the calca-
neus by means of a posterior osteotomy is necessary.

D. Evans [13] addressed the issue of heel foot treat-
ment along with muscle transplantation by anterior cal-
caneal osteotomy. In our opinion, such an intervention 
allows for correction of only the valgus deviation of the 
calcaneus in the horizontal plane, without the possibili-
ty of eliminating the deformity in the frontal plane. 
Therefore, we believe that in the presence of a valgus foot 
deviation, correction of the calcaneus should take place 
in two projections.

M.A. Smolle [40] believes that the use of the AOFAS 
scale in children does not provide sufficient data on the 
effectiveness of treatment of foot deformities. In our 
opinion, the assessment of the foot condition according 
to the AOFAS scale should be combined with the as-
sessment of motor skills according to the Gross Motor 
Function Classification System (GMFCS), which 
makes it possible to achieve appropriate results of sur-
gical treatment.

Conclusions
The study of anatomical and functional changes in the 

gastrocnemius muscle and bones in children with cere-
bral palsy proves the need to correct the length of the 
kinematic chain of the gastrocnemius muscle. It is ne-
cessary to calculate the ratio of its muscle and tendon 
parts according to physiological indicators. The study of 
radiological parameters of Bohler, Kite, Danilov angles 
in children with heel foot showed their increase. The re-
sults of surgical correction in groups of patients with 
Achilles tendon shortening and transplantation of the 
tibialis anterior tendon to the calcaneus tubercle showed 
effectiveness at Bohler, Kite angle <350 and Danilov 
 angle <400. At higher values, surgical intervention 
should be supplemented with a posterior calcaneal oste-
otomy with proximal and, if necessary, medial displace-
ment of the distal fragment. The study of the architec-

tonics of the calcaneal power lines showed a decrease in 
the angles between the trabecular lines of the central and 
hindfoot, which correlate with the Bohler and Danilov 
angles, indicating an increase in the vertical load on the 
hindfoot and changes in the position of the calcaneal 
tubercle. This is also an indication for calcaneal osteoto-
my. Baropodometry, GFMCS and AOFAS scores allow 
for a high degree of reliability in assessing the effective-
ness of treatment of foot deformities in children with 
cerebral palsy.

No conflict of interests was declared by the authors.
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