Oscar V, et al., J Clin Stud Med Case Rep 2023, 10:169
DOI: 10.24966/CSMC-8801/1000169

HSOA Journal of

Clinical Studies and Medical Case Reports

Case Series

Os Calcaneus Secundarius and
Calcaneonavicular Coalition

- A New Pathophysiological
Hypothesis

Vazquez Oscar', Gavira Nathaly’, Moeri Michael’, Chalard
Francois? and Ceroni Dimitri®

"Paediatric Orthopaedics Unit, Geneva Children’s Hospital, Geneva Universi-
ty Hospitals, Switzerland

2Department of Paediatric Radiology, Geneva Children’s Hospital, Geneva
University Hospitals, Switzerland

3Professor, Paediatric Orthopaedics Unit, Geneva Children’s Hospital, Gene-
va University Hospitals, Switzerland

Abstract

An Os calcaneus secundarius (OCS) is a rare accessory ossicle
of the anterior facet of the calcaneus. The various explanations for its
origin involve several contradictory pathophysiological hypotheses,
bringing some confusion to the topic. An OCS may be symptomatic
or discovered incidentally on X-rays performed for trivial traumas.
Some cases have been described in patients presenting with pain
mimicking that of a fracture, engendering a peroneal spastic flat foot
or associated recurrent sprains. This article analyses four case stud-
ies suggestive of OCS and reflects on this condition by reviewing its
local anatomy, the biomechanics of the talocalcaneonavicular joint
and the various pathophysiological hypotheses concerning it.

Introduction

Finding accessory ossicles around the foot is common; most are
asymptomatic, but they can gain clinical relevance through trauma or
stress due to the foot’s particularly complex biomechanical system.
The Os calcaneus secundarius (OCS) is an accessory ossicle of the
anterior facet of the calcaneus, located at the interval between the an-
teromedial aspect of the calcaneus, the cuboid bone, the talar head and
the tarsal navicular [1, 2]. It is rare, with a prevalence of 0.6% to 7%,
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making it one of the more infrequently found accessory foot bones [3-
7]. It is generally bridged to the calcaneus by poorly mobile synchon-
drosis. The literature reports various explanations for the origin of an
OCS, including several contradictory pathophysiological hypotheses,
bringing some confusion to the topic. It is, therefore, highly possible
probable that several nosological entities presenting in clinically and
radiographically similar ways are being confused and conflated. In-
deed, an OCS may be discovered incidentally on an X-ray performed
for a trivial trauma. However, an OCS may be symptomatic, and cases
have been described with patients presenting with pain [8], mimick-
ing a fracture [9], engendering a peroneal spastic flat foot or associ-
ated with recurrent sprains [10]. Using the four cases suggestive of
OCS that we report here, we reflect on this condition by reviewing the
local anatomy, the biomechanics of the talocalcaneonavicular joint
and the various pathophysiological hypotheses concerning it.

Case 1

A 16-year-old female, who had presented with repeated left an-
kle sprains over several years, was consulted at our emergency room
for a new left ankle sprain. Radiological evaluation (X-ray and MRI)
revealed a discrete oedema of the calcaneal rostrum, with a 4-mm
bone fragment between the calcaneum and the navicular bone, mak-
ing clinicians suspect an avulsion fracture. The talonavicular, spring
and bifurcated ligaments were normal. A complementary computed
tomography (CT) scan confirmed a 2.8 x 4.5-mm bone fragment with
a partially cortical appearance (Figure 1). Treatment was a plaster
splint for four weeks. Despite physiotherapy, pain and limited mobili-
ty continued, and the patient described pain when walking on non-flat
surfaces. On palpation, there was elective pain on the anterolateral
side of the mid foot and subtalar motion was restricted. Clinicians
proposed a surgical exploration using a lateral approach. We noted
synchondrosis/synfibrosis between the calcaneal body and the anteri-
or calcaneal process and between an OCS and the navicular bone. A
surgical excision of the OCS was performed, and the extensor digito-
rum brevis muscle was interposed in the gap left by the removal of the
bony piece. At nine months, the patient was walking without pain, had
no further sprains and her subtalar motion was no longer restricted.

Figure 1: Computed tomography scan image of a partially cortical bone
fragment located between the calcaneus and the navicular bone.
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Case 2

A 15-year-old female was consulted at our outpatient clinic with
a two-year history of multiple right ankle sprains and persisting
load-dependent disturbance. She had never presented with local ec-
chymosis suggestive of a fracture. Radiological evaluation (X-ray and
MRI) suggested an OCS but also revealed a synchondrosis/synfibro-
sis between the tip of the anterior calcaneal process and the navicular
bone (Figures 2a-b). On palpation, there was elective pain on the an-
terolateral side of the mid foot, and she had restricted subtalar motion.
Clinicians proposed a surgical exploration using a lateral approach,
revealing synchondrosis/synfibrosis between the calcaneal body and
the anterior calcaneal process and between an OCS and the navicular
bone. A surgical excision of the OCS was performed, and the extensor
digitorum brevis muscle was interposed in the gap left by the removal
of the bony piece. The treatment quickly and fully resolved the pain
and improved subtalar motion, and three months after surgery, the
patient resumed her physical activities painlessly.

- 3\

Figures 2a-b: A sagittal MRI of the right foot suggestive of an OCS but
also revealing a synchondrosis/synfibrosis between the tip of the anterior
calcaneal process and the navicular bone.

\

Case 3

A 13-year-old female attended our outpatient orthopedics clin-
ic with a four-year history of persistent pain after a right ankle
sprain. These symptoms precluded her from regular sports activity.
On clinical examination, she presented with elective and localized
pain on the outer anterolateral side of the foot, and testing of the
mid foot revealed subtalar motion restriction without peroneal spas-
ticity. On X-ray and MRI investigation, she was diagnosed with a

calcaneonavicular coalition (Figures 3a-b). These examinations also
demonstrated a demarcation line located at the base of the anterior
calcaneal process, suggesting either an OCS or a stress fracture. Sur-
gical excision was planned and performed using a lateral approach. As
in case 2, we noted a synchondrosis/synfibrosis between the calcaneal
body and the anterior calcaneal process and between an OCS and the
navicular bone. Surgical excision of the OCS was performed laterally,
and the extensor digitorum brevis muscle was interposed in the gap
left by the removal of the bony piece. Twelve months after surgery,
the patient was pain-free and subtalar motion was restored; she could
walk without pain and was able to resume her sports activities.

p

Figures 3a-b: An MRI scan image showing synchondrosis between the
OCS and the calcaneus, confirming the calcaneonavicular coalition.
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Case 4

A 13-year-old female presented with chronic pain around her
right ankle, with many lateral right ankle sprains over the previous
three years. Pain was located at the right ankle’s anterolateral aspect,
with palpable mass there, and she reported tenderness on palpation
of the anterior aspect of the sinus tarsi and around the dorsolateral
aspect of the talonavicular joint. Subtalar motion was severely re-
stricted, without hind foot valgus or flat foot deformity. An ossified
structure distinct from the distal end of the calcaneus was visible on
lateral foot X-ray. Using the 45° oblique view, this bone formation
was on top of the anterior process of the calcaneus, superimposed on
the calcaneocuboid joint. A CT scan showed a large accessory ossi-
cle (20x12x8mm) attached to the anterior calcaneal facet by a fibro
cartilaginous union resembling a synchondrosis. This ossicle was in a
space between the anterior aspect of the calcaneus and the navicular
bone. Conservative therapy (immobilization with a cast and physio-
therapy) was unsuccessful. Surgical treatment consisted of excising
this accessory ossicle. After three years of follow-up, the patient was
pain-free and her subtalar motion was no longer restricted.
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Discussion

Given the heterogeneity of this condition, it seemed important to
focus on the different pathophysiological hypotheses concerning it.
These gravitate around different concepts involving either the ana-
tomical development of the anterior calcaneal process or the biome-
chanics of the talocalcaneonavicular joint.

Developmental Considerations

First, it seems essential to understand how the calcaneum is formed
and, above all, how and when the anterior calcaneal process ossifies.
The calcaneum’s ossification centre begins to develop by the fourth
week of gestational life and becomes visible as a separate structure
under the talus on the 55th day. This ossification process is consec-
utive to intramembranous osteogenesis within the cartilage anlangen
[11]. The initiation of calcaneal mineralization follows the invasion
of blood vessels and the formation of the periosteal bony collar [12].
This complex ossification centre then develops in different directions
centrifugally. It may legitimately be supposed that the anterior calca-
neal process, being remote from the calcaneum’s primary ossification
centre, remains as a cartilaginous anlage for a relatively long time
[13].

Anatomical considerations

The anterior calcaneal process a saddle-shaped bony promontory
is located at the calcaneum’s anterosuperior aspect. The bifurcated
ligament is a strong band inserted on its upper surface, dividing at the
front in a Y-shaped manner into its calcaneocuboid and calcaneona-
vicular parts. This ligament is recognized as an important stabilizer of
plantar and dorsal ankle flexion, and it is tensioned either by the foot’s
inversion and forced plantar flexion [14] or by the eversion of a dorsi-
flexed foot [3]. Locally, there should be a space between the anterior
calcaneal process and the navicular bone, and the calcaneonavicular
distance should be greater than 5 mm to prevent any local mechanical
impingement [13].

Biomechanical considerations

The talocalcaneonavicular joint is an arthrodial joint in which the
spherical head of the talus is positioned in a concavity formed by the
posterior surface of the navicular bone, the anterior articular surface
of the calcaneus and the upper surface of the plantar calcaneonavicu-
lar ligament. Three principal ligaments are associated with this joint:
the dorsal talonavicular ligament, the plantar calcaneonavicular liga-
ment and the calcaneocuboid part of the bifurcate ligament. The cal-
caneonavicular joint’s biomechanics are thus in dissociable from the
talocalcaneonavicular entity, and the whole must be regarded as one
functional unit. The talocalcaneonavicular joint generates two types
of (gliding and rotating), allowing motion in three axes: inversion/
eversion, abduction/adduction and plantarflexion/dorsiflexion. As
mentioned above, this functional entity requires a calcaneonavicular
clearance greater than 5 mm to prevent any mechanical impingement
[13].

Pathophysiological hypotheses

The pathophysiological hypotheses explaining the occurrence of
the OCS have been developed based on these anatomical, develop-
mental and biomechanical considerations. One theory tries to explain
its development from a secondary ossification centre at the anterior
process of the calcaneus, resulting from a trauma to the immature

cartilaginous calcaneus that might have caused the onset of an acces-
sory bone island. In a similar context, other authors hypothesise that
the OCS is derived from the failed union of secondary ossification
centres: it may be bridged to the calcaneus by poorly mobile synchon-
drosis, but it can also be completely independent [15].

De Cuveland attributed this structure to a malformation result-
ing from a persisting inconstant anterior calcaneal process [16]. This
hypothesis suggests that there was probably a problem in the chon-
drified tissue’s process of segmentation into individual anlagen. In
Steiner’s concept, the anterior calcaneal process should be considered
as an independently developing lateral ray, and he suggested that the
OCS represented a persisting supernumerary ray [17]. Niederecker
hypothesized that a calcification of the calcaneonavicular part of the
ligamentum bifurcatum caused the OCS; however, he provided no
explanation for why this calcification occurred [18]. Several authors
have evoked a traumatic origin, suggesting that the OCS may derive
from fractures of the anterosuperior calcaneal process. These frac-
tures meet the definition of avulsion injuries of the bifurcate ligament
caused by the inversion and forced plantar flexion of the foot [14].
Rarely, fractures can be caused by the eversion of a dorsiflexed foot
[3]. However, fractures of the anterosuperior calcaneal process can be
particularly subtle and easily missed on conventional radiographs. In
addition, distinguishing between an OCS and a fracture of the anterior
calcaneal process may be very difficult, especially when the fracture
is delayed. Using MRI, an ovoid, well-corticated ossicle suggests a
diagnosis of OCS, whereas large bony structures with a wide prox-
imal base and adjacent bone marrow oedema suggest a fracture [4].
The clinical reality is somewhat more complex since differentiating
between an OCS and pseudarthrosis of a neglected fracture of the
anterior calcaneal process can be almost impossible. In both cases, a
synfibrosis or synchondrosis may be connecting the calcaneal process
to the body of the calcaneus. The main differences between an OCS
and pseudarthrosis of the calcaneal anterior process are probably the
OCS’s anteromedial positioning in a concave notch at the calcaneal
facet and evidence of continuous corticalisation [19]. Finally, several
authors have described the OCS as the result of the different develop-
mental stages of a calcaneonavicular coalition [20-22]. In a case in-
volving calcaneonavicular synostosis, one might easily imagine that
the mechanical stresses exerted on the coalition could lead to a stress
fracture mimicking an OCS.

Our experience, through these four reported case studies, seems to
show certain similarities in the radio-clinical presentations, with rela-
tively similar per-operative statuses. Indeed, all four cases presented
with synchondrosis or synfibrosis at the calcaneonavicular joint, thus
suggesting the incomplete formation of the coalition. Each case pre-
sented with a demarcation line at the level of the anterior calcaneal
process, with a poorly mobile synchondrosis. We therefore hypothe-
sise that the incomplete coalition noted at the level of the calcaneo-
navicular space can sometimes lead to an acute or stress fracture at
the base of the anterior calcaneal process. Our hypothesis starts with
a malformation that disorganizes the talocalcaneonavicular joint by
generating a mechanical impingement at the level of the anterior cal-
caneal process. Since all of our patients suffered from chronic symp-
toms, a stress fracture seemed to us to be the more plausible cause.
However, another explanation might exist in this mechanical context.
Indeed, we can imagine that an OCS might be derived from the failed
union of secondary ossification centres due to unfavorable mechan-
ical stress. It is impossible to decide between these two hypotheses,
even if in our opinion the former seems more coherent.
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Conclusion

It remains difficult to affirm whether the Os calcaneus secundarius
(OCS) is a true accessory ossicle of the anterior facet of the calcaneus
or the result of a fracture of the anterior calcaneal process. Our little
case series suggests the occurrence of a stress fracture consecutive to
a malformation (calcaneonavicular coalition) that is responsible, in
our opinion, for a localized abnormal mechanical load. Finally, the
present report emphasizes the importance of a radiographic evalua-
tion, by CT scan or MRI, of the whole calcaneonavicular coalition
and any suspect OCS to look out for this particular association.
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