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Aim - to analyze the skialogical, functional, and clinical results of calcaneal lengthening osteotomy in children
with flexible flatfoot (FF).

Material and methods. The retrospective study includes 10 patients (17 cases) with FF who underwent calcaneal
lengthening osteotomy by the Evans-Mosca technique. All patients had the shortening of the m. triceps surae. The
age of patients ranged from 8 to 16 years (mean 12+0.7 years); there were 9 boys and 1 girl. Evaluation of the results
was carried out on the dynamics of vertical and horizontal talo-1st-metatarsal angles (TMA), os calcis inclination
angle (CIA), AOFAS scale (hindfoot and ankle), Foot Function Index (17-1 FFI, Italian version), VAS (pain) in terms
of 2 to 4 years.

Results. The operation caused a pronounced cosmetic, radiological, and functional effect. All patients and their
parents were satisfied with the result of the surgery. There is an improvement in radiological parameters on average:
vertical TMA from 21,9 to 1,9°% horizontal TMA from 21,1 to 3° CIA from 6,8 to 15,3°. The dynamics of the foot
function by average: increasing by AOFAS scale from 69,3 to 95,1; improvements for FFI from 14,9 to 2%; reduction
of pain by VAS from 3,8 to 0,8. Effective foot extension increased from 0,5 to 8,9°. The difference between the ave-
rages was significant (p<0,001).

Conclusion. Os calcis lengthening osteotomy is an effective operation in the treatment of symptomatic FF in
children, which provides a significant reduction in pain, good clinical and radiological results. The advantages of os
calcis lengthening osteotomy are simple surgical techniques and a low risk of neurovascular complications.

The study was conducted in accordance with the Declaration of Helsinki. The protocol was approved by the Local
Ethics Committee. Written informed consent was obtained from the children’s legal guardians.

The authors declare no conflict of interest.
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MoaoBKyBasbHa OCTEOTOMIA N’ATKOBOI KiCTKM B /liKyBaHHi FHY4KOi N0CKOI CTONU B giTel
A.N. labax’, O.A. Typyun’, T.M. Omenb4yeHKo?

1Y «IHcmumym mpasmamosoezii ma opmonedii HAMH YkpaiHu», m. Kuig
2HayioHanbHuli meduyHuli yHisepcumem imeHi O.0. bo2zomonbuysa, m. Kuis, YkpaiHa

Merta — npoaHani3yBaTy CKianoriyHi, GyHKLioHaNbHi Ta PEHTTEHONOTIYHI Pe3ybTaTV NOA0BKYBaAbHOT OCTEOTOMIT N’ ATKOBOI KiCTKM i AiTeil i3
rHy4Koto nnockoto ctonoto (MC).

Marepian i meToan. PeTpocnekTusHe gocnigxeHHs oxontoe 10 nauieHTis (17 cton) i3 rHy4koto MC, AKMM BUKOHANN NOA0BKYBabHY OC-
TeoTOMIlo N’ATKOBOI KicTKM 3a Evans-Mosca. Bci naLjieHT manu yKkopoueHHs m. triceps surae. Bik nauieHTie ctaHoBMB 8—16 pokis (y cepea-
Hbomy 12+0,7 pokiB); 9 xnonuukis i 1 AiBunHKa. OLiHKY pe3ynbTaTiB NPOBOAMIM 32 AIMHAMIKOK BEPTUKA/IbHOTO Ta FOPU30HTaNbHOIO TapaH-
Ho-MeTaTap3anbHoro KyTie (TMK), KyTa iHKniHaii n'aTkosoi KicTku (IMK), wkanamu AOFAS (3aaHil BiaAin cTonu Ta roMinKoBOCTOMHWMIA cyrnob),
Foot Function Index (17-1 FFI, Italian version), Bi3yanbHo aHaN0roBOtO LWKaNOK B TEPMiHM Bif, 2 [0 4 pOKiB.

Pe3ynbratn. Onepalis mana BaroMuii KOCMETUYHUIM, PEHTFEHONOTIYHMIA Ta GYHKLLIOHAbHMI edeKT. Yci naLieHTy Ta ixHi 6aTbku 6ynu 3aa0-
BOJIEHI pe3ynbTaToM onepauii. [pocTeXKeHo NOKPaALLEHHA PEHTIEHONOrIYHMX NOKa3HMKIB y cepeaHboMy: BepTuKanbHoro TMK Big 21,9 go
1,9°; ropusoHTanbHoro TMK Big 21,1 go 3°; kyta INK Big 6,8 fo 15,3°. AnHamika GyHKLiT cTONK B cepeaHbOMY: NMOKPALLEHHA 33 LWKA/O0H
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AOFAS Big, 69,3 1o 95,1; nokpalueHHs 3a FFI Big 14,9 1o 2%; 3meHweHHs 6onto 3a BALL Bia 3,8 1o 0,8 6any. EheKkTMBHE PO3rMHAHHA CTOMK
36inblumnocs Big 0,5 no 8,9°. PisHMuA Mix cepeaHimum Byna cyTtTesoto (p<0,001).

BuCHOBOK. [1010B)XKyBabHa OCTEOTOMIA N’ ATKOBOI KiCTKU € eeKTUBHO onepaLjieto B NiKyBaHHI cumnTomaTyHOi MNC y aiTeld, Aka 3HaYHO
3MeHLYe 6inb, CNpUAE rapHUM KNiHIYHUM Ta PEHTFEHONOTIYHMM pe3ynbTaTam. Nepesaramum NoAoBXKyBaNbHOI OCTEOTOMIT N'ATKOBOI KiCTKM
€ NPOCTa XipypriyHa TexHiKa Ta HU3bKWI PU3MK HEMPOCYAMHHUX YCKNALHEHD.

JocniaxeHHA BUKOHAHO BignoBiLHO A0 NPMHLMNIB [eNbCiHCbKOI geknapadi. [IpPOTOKOA CXBaneHO MiCLLEeBUM ETUHMHUM KOoMiTeTOM. OTpuUMa-

HO NMcbMoBY iIHGOPMOBaHY 3roay Bif 3aKOHHMX NPeACTaBHUKIB AiTei.

ABTOpM 3aABAAOTb NPO BiACYTHICTb KOHDAIKTY iHTEpECiB.

Knroyoei cnoea: nitn, Nnocka ctona, N'ATKOBA KiCTKa, OCTEOTOMiA.

Introduction

Flexible flatfoot (FF) is a common pathology among
children and adolescents, occurring in approximately
12.5% of all visits to orthopedists [6]. The approach to
the treatment of FF in children is predominantly conser-
vative: orthotics, adequate footwear, physiotherapy, etc.
There is no evidence of the effectiveness of conservative
treatment of FF in the literature, rather it produces a pal-
liative effect. Quite a lot of people have FE, which does
not limit their daily activity and does not interfere with
sports [14]. The question of the need for treatment of
asymptomatic FF in children remains controversial, as
it is impossible to predict the age-related evolution of
flatfoot. However, surgeons dealing with foot and ankle
pathology are well aware that over time, even minimal
deformity can cause pain symptoms.

The indication for surgical treatment is pain, dysfunc-
tion, or severe deformity that prevents the use of shoes.
In 1959, D. Evans developed and began to use the os
calcis osteotomy with its lengthening for the treatment
of FE, but the results of this operation were published in
1975 [5]. He believed that one of the manifestations of
FF is the shortening of the lateral column and, accord-
ingly, the alignment of its length should provide correc-
tion of the abduction of the forefoot and normalize the
displacement in the talonavicular joint. This assumption
has been confirmed and developed hereinafter in biome-
chanical and clinical studies [13,14].

In children with FE, complaints of pain and dysfunc-
tion are associated with shortening of m. triceps surae.
Harris R.I. and Beath T. classify this type of deformation
as flexible flatfoot with short tendo Achillis [7]. Accord-
ing to their data, this type of flatfoot is present in 25% of
people with FE. In such cases, skeletal reconstruction is
combined with lengthening of the tendo Achilles [3,4,8].
Ensuring sufficient extension of the foot is required to
achieve plantigrade foot. There is one study in which the
range of motion in the ankle joint after calcaneal length-
ening osteotomy [8].

The aim is to analyze the skialogical, functional, and
clinical results of calcaneal lengthening osteotomy in
children with FE

Material and methods of the study

The retrospective study includes 10 patients (17 cas-
es) with FF who underwent inpatient treatment at the
clinic of the SI «The Institute of Traumatology and Or-
thopedics of NAMS of Ukraine» (SI «ITO NAMS of
Ukraine») in the period 2004-2023. The age of patients
ranged from 8 to 16 years (mean 12+0.7 years); there
were 9 boys and 1 girl.

Inclusion criteria: medial arch lowering, flexible hind-
foot, forefoot abduction; the corresponding values of the
vertical and horizontal talo-1¥-metatarsal angles (TMA),
os calcis inclination angle (CIA), reducing the effective
foot extension through shortening the m. triceps surae.
Differentiation of the shortening m. triceps surae and m.
gastrocnemius was carried out using a test with a flexed
and extended knee joint.

X-ray dynamics was assessed by loading radiographs
in antero-posterior, lateral and axial projections before
surgery, 4, 8 weeks after surgery, and during follow-up
examination. Vertical and horizontal TMA were defined
as the intersection of the long axys of the 1* metatarsal
and the talus on the lateral and antero-posterior radio-
graphs of the foot. CIA was measured on the lateral ra-
diograph between the line tangent to the lower surface
of the os calcis and the plane of support. Measurements
were performed in a vector graphic program after trans-
ferring digital radiographs. The measured values were
exported to Microsoft Excel for further processing.

Foot function before and after surgery was assessed
on the American Orthopedic Foot and Ankle Society
scale (AOFAS) [9], Foot Function Index (17-1 FFI, Ita-
lian version) [12], and Visual Analog Scale (VAS, pain)
in terms of 2 to 4 years.

The applied assessment scales were numerical. AOFAS
scale (domain hindfoot and ankle joint) includes assess-
ment of pain, motor activity, range of motion, adaptation
to the surface, stability) - the highest score is 100 points,
perfect health. 17-I FFI, Italian version, the disability in-
dex was calculated as the arithmetic mean of three do-
mains that characterize different aspects of pain; the
highest score of 170 reflects the worst condition, the ob-
tained value was converted into a percentage. VAS was

47 | 'SSN 2304-0041 Paediatric Surgery (Ukraine) No.4(89)/2025



Opucinanvhi 0ocnionenus. Opmonedis

used in the numerical version to assess the severity of
pain, from the least 0 cm to the worst 10 cm.

Statistical analysis was performed using paired Stu-
dent’s t-test, which was considered significant when p-
value was measured <0.05. For normally distributed
continuous variables, the results are presented as the
mean + standard error of the mean (M+0) and 95% con-
fidence interval (95% CI).

The study was conducted in accordance with the Dec-
laration of Helsinki and approved by the Academic Coun-
cil of the SI «ITO NAMS of Ukraine», the parents of all
patients gave informed consent to be included in the study.

Operation technique. The operation is performed in
the supine position with a pillow under the operated
limb. A pneumatic tourniquet was used on the thigh. The
modified Ollier approach was placed over the sinus tarsi
approximately 1 cm proximal to the anterior process of
the os calcis, protecting the n. suralis from injury. M. ex-
tensor digitorum brevis and sinus tarsi adipose tissue
were separated from the anterior process of the os calcis.
The tendons of the peroneal muscles retracted plantarly.
The calcaneocuboid joint was identified but not opened.

A narrow elevator was used to find the gap between the
middle and anterior facets of the os calcis, dissect the peri-
osteum along a line that starts 1.5 cm proximal to the line
of the calcaneocuboid joint and continues into the speci-
fied gap. The osteotomy plane was oriented along this line,
which should run in the direction from the proximal-
lateral to distal-medial edge of the os calcis. After comple-
tion of the osteotomy, Steinman pins were inserted into
the os calcis fragments at a right angle, on which a distrac-
tor was mounted, with which the required level of correc-
tion was set. This level of correction was controlled radio-

Fig. 1. Intraoperative radiograph. Alignment of relative
lengths of the talus and calcaneus

logically: the edge of the os calcis anterior process should
be at the same level as the edge of the head of the talus
(Fig. 1). The os calcis defect at the osteotomy site was filled
with an auto- or allograft of a trapezoidal shape.

It is this arrangement of the osteotomy plane that al-
lows, during correction, to establish the center of rota-
tion at the same level as the center of the talus head, and
not at the level of the medial calcaneal cortex. To prevent
overcorrection, the graft should have a trapezoidal shape
and a 2:1 base-to-top ratio. During the correction and
insertion of the graft, the position of the calcaneocuboid
joint was monitored to prevent dorsal subluxation of the

Table

Preoperative and final radiographic and clinical results

Index Mo (min — max) p (a=0.05)*
Vertical TMA (preop., degrees) 21.9+1.5 (9-37) <0.001
Vertical TMA (final, degrees) 1.9+1.2 (0-19)

Horizontal TMA (preop., degrees) 21.1+2.6 (10-46) <0.001
Horizontal TMA (final, degrees) 3.0+1.1 (0-15)

CIA (preop., degrees) 6.8+0.7 (2-12) <0.001
CIA (final, degrees) 15.3+1.8 (0-29)

AOFAS (preop., points) 69.3+1.7 (45-76) <0.001
AOFAS (final, points) 95.1+0.8 (89—-100)

FFI (preop., %) 14.9+0.7 (11.9-21.3) <0.001
FFI (final, %) 240.7 (0-11.2)

VAS (preop., cm) 3.8+0.3 (2.5-6.0) <0.001
VAS (final, cm) 0.8+0.2 (0-4)

Ankle extension (preop., degrees) 0.5+0.9 ((-7)-5) <0.001
Ankle extension (final, degrees) 8.9+0.7 (5-14)

Note: * — paired t-test.
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B
Fig. 2. Patient aged 10 years. Simultaneous correction of both
feet. Allograft and LCP osteosynthesis are applied. The appa-
rence and function of the feet before (A) and 1 year after (B)
the lengthening of the os calcis osteotomy

distal calcaneal fragment. In the case of subluxation, the
graft was removed, and a wire was passed retrogradely
from the cuboid bone through the center of the distal
fragment. The graft was inserted again, and it was fixed
to the proximal calcaneal fragment with the inserted pin.
Additional fixation was performed with a mini-plate
with angular stability if needed.

Correction of the deformity aggravated the deficit of
foot extension, in most cases, it was impossible to
achieve a neutral position. The Achilles tendon was elon-
gated from the posteromedial approach, and the tendon
was cut in the frontal plane. The Achilles tendon was
repaired with a continuous non-absorbable suture at the
neutral foot position. The paratenon was repaired with
absorbable sutures.

Postoperative management. In the absence of compli-
cations from postoperative wounds, patients were dis-
charged from the clinic with a below-knee removable cast
with weight-bearing prohibition. Patients were followed
up at 4, 8 weeks, and 6-9 months postoperatively. Immo-
bilization with a removable plaster cast lasted 4 weeks, fol-

TMA 20°

A
C D

Fig. 3. Patient aged 10 years (same patient). Weight-bearing
pre- and postoperative radiographs: A — left foot lateral, B —
right foot lateral, antero-posterior preoperative (C) and post-
operative (D)

lowed by radiography of the foot in two projections. Usu-
ally, in this period, there was a fusion of the os calcis with
a graft. The full load was started in a modelled plaster cast
with heel and continued for 4 weeks. During the next visit,
a weight-bearing X-ray was performed in antero-posterior,
lateral and Cobey’s views to record radiographic findings.
Progression of graft incorporation was also noted. The pa-
tient was allowed to load without restrictions.

Results of the study and discussion

Healing of postoperative wounds in all cases was
without complications. Full load without restrictions
was possible after the second visit 8 weeks after surgery)
in 15 cases, and in 2 cases — 10 weeks after surgery. There
were no nonunion.

Radiographic follow-up. Hindfoot alignment was
achieved in all cases. The table lists the vertical and ho-
rizontal TMA, CIA, which were measured before the
operation and during the follow-up period.

The operation had a good cosmetic, radiographic and
functional effect (Fig. 2 and 3).
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Vertical TMA improved from an average preoperative
value of 21.9° (from 9° to 37°) to an average value of 1.9°
(from 0° to 19°) at follow-up. Horizontal TMA improved
from an average preoperative value of 21.1° (from 10° to
36°) to an average value of 3° (from 0° to 15°) at follow-up.

There is an increase in the volume of effective exten-
sion of the foot, which was associated with the manda-
tory lengthening of the Achilles tendon. Improvements
in foot function are registered by AOFAS and FFI,
marked by a decrease in pain level (VAS). There has been
a significant improvement in these indicators.

Idiopathic FF occurs in children and adolescents quite
often and for the most part, it is asymptomatic. Indica-
tions for surgery are pain and disability in the absence of
the effect of conservative treatment. The choice of sur-
gery has now narrowed to arthroeresis of the subtalar
joint and lengthening osteotomy of the os calcis, accord-
ing to Evans—Mosca, complex multicomponent inter-
ventions are a thing of the past. Subtalar arthroeresis is
a very popular technique for the correction of FF in chil-
dren. A significant advantage of a subtalar arthroeresis
is a minor trauma, the disadvantages are the possibility
of painful dysfunction, migration of the implant and its
removal, and limiting the eversion. Due to this, leng-
thening osteotomy of the os calcis looks more attractive,
despite the greater complexity and duration, and the
need for bone grafting.

Lengthening of the os calcis osteotomy in the treat-
ment of FF in children provides a good functional result
[1,3,5,8,13,15]. G.V. Viegas et al. [17] evaluated os calcis
lengthening osteotomy results in 17 patients (34 feet)
with a maximum follow-up period of 48 months. They
used the AOFAS scale and showed a 27.76 increase from
68.59 to 85.76 points after 3 months; up to 96.35 points
in terms of 8-48 months. Similar results were obtained
by V. De Luna et al. [3] in 14 patients with an average
follow-up period of 7 years 7 months: from 69.03 (59—
78 points) to 97.44 (89-100 points). The maximum fol-
low-up period was 12 years.

According to the systematic review of the literature
(341 publications) in 2016, the results of the Evans—Mos-
ca operation in 105 patients (167 feet) were published
[11]. Most of the publications were presented by retro-
spective studies (level IIT and IV of evidence), and there
was a high degree of patient satisfaction.

A.Dogan et al. [4] indicate a very positive moment of
lengthening osteotomy of the os calcis - it leaves the pos-
sibility for any surgery on the foot skeleton in the future,
in contrast to arthrodesis of the medial column, subtalar,
and triple arthrodesis.

According to V. De Luna and others, important ad-
vantages of Evans-Mosca surgery are the preservation of

movements in the subtalar joint within physiological
limits, multiplanar correction, and simple surgery [3].

When establishing indications for lengthening os-
teotomy of the os calcis, we use a radiographic sign that
indicates a shortening of the lateral column of the foot.
It consists of the location of the edge of the anterior pro-
cess of the calcis behind the edge of the talus head -
a kind of «calcis minus» symptom, or described by
E Bonnel et al. type III ratio of talus and calcis lengths
[2]. They believe that such a relatively shortening of the
os calcis may cause instability of the medial column of
the foot. The positive effect of lengthening calcaneal os-
teotomy is manifested by the alignment of the relative
lengths of talus and calcis.

Some authors use a graft from the tibia, others - iliac
crest autograft as well as allografts [1,3,5,8,15].
S.A. Miiller et al. compared the results of the use of auto-
and allografts in the lengthening osteotomy of the os
calcis and found no significant difference in terms of
bony union and functional results [15]. We also did not
see a significant difference in the timing of accretion
when using auto- and allografts. We prefer autografting,
but in cases up to 10 years, we use a scaffold from the
femoral head. The main advantage of allografting is the
absence of donor-site morbidity.

X-ray dynamics is evaluated by the rate of union and
graft remodeling, and the change of radiographic pa-
rameters. There is no consensus in the literature on what
parameters and what terms to apply them [11]. The most
popular are angles: vertical and horizontal ta-
lo-1st-metatarsal, vertical and horizontal talo-calcaneal,
calcaneal inclination angle, talar declination angle, ta-
lo-navicular coverage angle [11]. However, almost no
one calculates all these angles, preferring a maximum of
three. We use vertical and horizontal TMA, CIA. Verti-
cal and horizontal TMA reflect, respectively, the height
of the medial arch and abduction-adduction of the fore-
foot, CIA - its projection slope. The three-coordinate
correction that occurs during the Evans operation affects
the values of these three angles.

In our patients, nonunion of the lengthening calca-
neal osteotomy was never observed. All radiographic
parameters were improved, the difference between pre-
and postoperative values was statistically significant
(p<0.001).

It is very important to ensure a sufficient amount of
foot extension during the lengthening of the os calcis
osteotomy. Some authors carry out percutaneous Achil-
les tendon lengthening, another — open surgery [1,3,4],
but everyone pays attention to the need to correct equi-
nus. In our study, all cases were presented by FF with m.
triceps surae shortening. The lengthening of the lateral
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column caused an even greater restriction of the foot
extension. In our cases, after the os calcis lengthening,
the deficit of the effective foot extension exceeded 15°,
which required an open Achilles tendon lengthening.

Our research has certain disadvantages that are inhe-
rent in all publications on the issue of lengthening the os
calcis osteotomy. These shortcomings: retrospective
study, small number of patients, and lack of randomiza-
tion. This is indicated in systematic reviews of the litera-
ture [10,11]. On the other hand, it is likely that the
lengthening of the os calcis osteotomy will continue to
be a fairly exclusive operation.

Conclusion.

Os calcis lengthening osteotomy is an effective opera-
tion in the treatment of symptomatic flexible flatfoot in
children, which provides a significant reduction in pain,
good clinical and radiological results. It is based on the
simultaneous normalization of the geometry of the pe-
ritalar zone while maintaining movements in the hind-
foot within physiological limits. An important compo-
nent of the successful result of the os calcis osteotomy is
to ensure sufficient foot extension, which requires
lengthening of the Achilles tendon. The advantages of os
calcis lengthening osteotomy are simple surgical tech-
niques and a low risk of neurovascular complications.

The authors declare no conflict of interest.
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