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ABSTRACT:

Calcaneonavicular coalition (hereafter CN), is an abnormal union between the calcaneus and navicular, which may be
bony (complete coalition), cartilaginous (synchondrosis, incomplete coalition) or fibrous (synfibrosis or rudimentary
coalition), causing mechanical pain, which usually subside with rest. They occur mainly in the instep area. These pains
can be accompanied by repeated sprains, and it is very important to emphasize that repeated sprains in children should
strongly suggest the existence of a tarsal coalition, whatever its form. Symptoms most often develop during the second
decade of life. Imaging examinations make it possible to diagnose the lesion, its form and its importance for the
therapeutic decision. Imaging of synostosis and the CN in children is based on three examinations: standard X-rays and
CTscans mainly, with magnetic resonance imaging (MRI) secondarily. Any valgus flatfoot in children should be
investigated for synostosis, as in around 40% of cases, synostosis remain asymptomatic. Resection remains the mainstay
of treatment, and is a straightforward procedure that regularly gives excellent results, provided that the patient's treatment

plan is followed.
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INTRODUCTION:

A calcaneonavicular coalition (hereafter CN) is an
abnormal union bridge between the calcaneus and the
navicular. This union bridge may be bony (complete
coalition), cartilaginous (synchondrosis, incomplete
coalition) or fibrous (synfibrosis or rudimentary
coalition) [1]. The tarsal coalition has been known since
it was described by Buffon in 1769[2] and Cruveilhier in
1829[3]. Between 50% and 60% of tarsal coalitions are
CN coalitions. Finally, we must not forget the
excessively long antero-medial process of the calcaneus
or "calcaneal beak" [4,5], a frustrated form of coalitions
which constitutes a clinical entity Fully-fledged..

EMBRYOLOGY:
Two Hypothesis are Reported:

e The first: CN coalitions result from the
incorporation of the secondary calcaneus bone.
However, this hypothesis does not explain the
genesis of all rudimentary coalitions [2.3].

e The second hypothesis, which is currently the
most  widely accepted, involves poor
organization and segmentation of the

mesenchymal embryos of the foot. Future
articulations are formed by the phenomenon of
cavitations, with the appearance of primitive
articular fissures. If this phenomenon does not
proceed normally, an abnormal union bridge
remains. This regression defect may affect the
navicular in the CN coalition [2,3].

WARNING SYMPTOMS:

Most often develop in the second decade of life,
between the ages of 8 and 12 years. The plasticity of the
cartilage explains its good tolerance and its radiological
transparency is the cause of the impossibility of
diagnosis in early childhood. Symptoms only appear
with ossification of the interosseous bridges, which
generally occurs after the age of eight years [6,7]. Pain,
recurrent sprains and foot deformity should be
emphasized as the circumstances for diagnosis.

Pain:

These are mechanical pains, which appear after
prolonged walks, when doing sport or at the end of the
day. They usually subside with rest. They occur mainly
in the instep area. This pain may be accompanied by
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repeated sprains, and it is very important to emphasize
that repeated sprains in children should be strongly
suggestive of the existence of a tarsal coalition, whatever
its form.

Deformity:
One of the classic revealing forms of synostosis is

contracted flatfoot [8, 9, 10, 11, 12, 13, 14]. This is a
foot in which all joint amplitudes are reduced, in which
all attempts at mobilisation are painful, and in which the
fibular tendons are contracted permanently or in
inversion (Figure 1).

Figure.l Permanent contracture of the fibular
tendons.

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

A rigid, painful flat foot in a child aged between 10 and
15 years suggests a diagnosis of tarsal coalition before
anything else.

CLINICAL EXAMINATION:
At the examination, this is typically a severe flat foot
with valgus of the hind foot, a significant medial
protrusion of the navicular with a break at the medial
border (Figure 2, 3). The child should be observed
walking from the front and the back in order to assess
the flexibility of the foot. When there is synostosis, the
arch of the foot does not deepen and the valgus of the
hind foot is not corrected (Figure 4).

Figure2. Valgus of the hind foot.

Figure 3. A medial protrusion of the navicular.

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

Figure4. Valgus of the hindfoot cannot be corrected
when walking on the toes

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

Pain is reproduced during the examination by forcibly
everting the limb while maintaining digital pressure in
the tarsal sinus. Joint mobility is then assessed, starting
with the tibio-tarsal joint, which may be hyper mobile in
a transverse direction [14,15]. The mobility of the
subtalar joint is then tested. This examination is often
difficult, and an attempt must be made to identify any
limitation of mobility between the calcaneus and the
navicular. It is necessary to look for fibular contracture.
This complete clinical examination of the feet should be
supplemented by a neurological and vascular
examination of the lower limbs.

At the end of this clinical examination, which is always
comparative, it is important to emphasize that the
clinical pictures observed can be very different. A
synostosis of the tarsus may be discovered during a
systematic clinical examination of a foot of normal
morphology, asymptomatic but with very limited
mobility; the diagnosis is more easily made in the
presence of a contracted flat foot in a boy who cannot
even walk on his toes because he is in so much pain.
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IMAGING EXAMINATIONS:

Imaging examinations are used to diagnose the lesion, its
form and its relevance to the therapeutic indication [16].
Imaging of synostosis and the CN coalition in children is
based on three examinations: standard radiography and
computed tomography (CT) mainly, with magnetic
resonance imaging (MRI) secondarily.

o X-RAY:

X-rays of the foot should be requested, with a lateral and
frontal view under stress, combined with a three-quarter
internal view of the foot (or unrolled foot). CN
synostosis (CNS) is generally diagnosed on these simple
standard films, and in particular on three-quarter views.
When the CNS is complete, it appears in the form of a
bony bridge joining the antero-medial process of the
calcaneus process and the medial border of the edge of
the navicular bone. When it is incomplete, the diagnosis
is more difficult: it is then necessary to look for
irregular, condensed bone edges, giving the appearance
of a pseudarthrosis (Figure 5). Indirect signs such as
hypoplasia of the head of the talus and the appearance of
an excessively long anterior process of the calcaneus
("anteater's nose") should be sought.

Figure5: A: CNS is complete bone. B: CNS
is incomplete, C: an excessively long
anterior process of the anteater's nose
Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

e Computed tomography (CT):
This is a very useful examination which has
completely replaced CT scans and which allows
calcaneo-navicular anomalies to be highlighted on
horizontal ~ sections (Figure 6). Computed
tomography (CT) is used to confirm the diagnosis
[17,18] .

Hopital Zemirli D

8§C 425.0 mm

Figure 6. A: CT scan showing a bony CNS B: CT
scan showing a synchondrosis CNS

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.
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The problem remains when synostosis is incomplete or
there is synchondrosis, because the nature of the
interposition tissue is not perfectly defined by this
examination.

e Magnetic resonance imaging (MRI):

It is only indicated in very young children when
synchondrosis is suspected and the radiographic
examination does not show ossification of a bone bridge
. It has to be admitted that its interpretation is difficult
because, once again, [19,20] the exact nature of the
interposition tissue is not always easily identified.
(Figure7).

Figure.7 Fibro-cartilaginous CNS MRI
Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

In practice, imaging examinations are always based on a
standard X-ray including a frontal and weight-bearing
profile examination of the foot combined with a 3/4
incidence of the foot. As soon as a synostosis is
visualized, a search must be made for another synostosis.
If there is any doubt, or if surgery is indicated, a CT scan
should be ordered [17,19].

TREATMENT:

Conservative Treatment:

Medical treatments include the use of corrective
orthoses, infiltration of the tarsal sinus, immobilisation
in a plaster cast (which must be made in inversion), and
abstention from surveillance. They are indicated for
symptomatic forms of recent discovery in feet with little
deformity [21].

Surgical Treatment:

Includes:

1. Resection of the coalition alone or with interposition
of the extensor digitorum brevis (EDB) muscle or fat
tissue [22,23,24]. This is a very tempting procedure, as
the aim is to restore good mobility to the subtalar and
eliminate pain. Resection of the CN coalition has
consistently given good and very good results
[25,26,27,28,29]. Provided that the resection is sufficient
(leaving a CN space greater than or equal to 10mm)
(Figure 8, 9).

Figure 8. A, B: calcaneo-navicular Bone Bridge
intraoperative and radiological

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.
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Figure 9. A : Resection of the CN coalition B:leaving
an CN space greater than or equal to 10 mm
confirmed at the image intensifier

Source: Orthopedic traumatology department,
Specialized hospital establishment Salim ZEMIRLI.

This procedure provides pain relief, improved mobility
and subjective stability. As reported by several authors
[30, 31, 32, 33, 34], resection remains the basic surgical
treatment for CN synostosis. Early rehabilitation is
desirable. To resume weight-bearing, the foot must be
well deflated and pain-free.

2. Associated procedures in cases of associated valgus
flatfoot:

¢ lengthening of the calcaneal tendon by vulpius-
type aponeurotomy,

e lengthening of the short fibular tendon in its
white part,

e Advancement of the posterior tibialis tendon,

« An osteotomy to lengthen the calcaneus.

3. Percutaneous resection of the CN coalition (CNC)
was done using a motorized bone burr through a small
incision in the sinus tarsi under image intensifier control.
After complete resection a synthetic graft of Teflon or
Dacron measuring 15 mm x30 mm was interposed to
prevent re-union of the bone bar [35].

4. Although arthroscopic/endoscopic tarsal coalition
resection seem to be promising with the possible
advantages of faster recovery and reduced local
morbidity, this techniques has a long learning curve.
Larger case series are needed to definitely confirm the
reliability of the arthroscopic/endoscopic procedures and
allow a comparison with traditional open techniques [36
37,38, 39].

CONCLUSION:

Any valgus flatfoot in children should be investigated
for synostosis, as in around 40% of cases synostosis can
remain asymptomatic. Imaging examinations make it
possible to diagnose the lesion, its form and its
importance for the therapeutic decision. Resection
remains the gold standard treatment; it is a simple
procedure that regularly gives excellent results, provided
the indication is rigorous. Arthroscopic resection is a
feasible and effective treatment method for symptomatic
tarsal coalitions. This relatively new technique results in
satisfactory clinical and functional outcomes, with no
coalition recurrence reported in the literature. Future
studies comparing outcomes of arthroscopy with open
tarsal coalition resection are warranted.
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