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Abstract Tarsal navicular stress fractures are injuries
more commonly observed in athletes involved in sprint-
ing and jumping sports. Known risk factors for the
development of navicular stress fractures include pes
cavus, metatarsus adductus, limited subtalar or ankle
motion, medial narrowing of the talonavicular joint, as
well as a short first metatarsal. The presence of an os
supranaviculare has yet to be described as a predisposing
factor in the occurrence of navicular stress fractures. We
present two cases of navicular stress fractures in patients
with an os supranaviculare and discuss possible reasons
for such an association.
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Introduction

The tarsal navicular is a roughly pear-shaped bone that
makes up a portion of the medial column of the foot. Its
blood supply is organized in such a way that a relatively
hypovascular zone exists within the central third of the
bone [1-3]. This partly explains why stress fractures occur
in this region. Navicular stress fractures typically are
sagittally orientated and originate in the proximal dorsal
cortex. They are more often seen in athletes, classically in
track and field participants.

The os supranaviculare, also referred to as os talonavi-
culare dorsale or Pirie’s bone, is an accessory ossicle
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located at the proximal dorsal cortex of the navicular at its
mid-point. It is reported to occur in 1% of individuals [4].
There has been no reported association between an os
supranaviculare and navicular stress fractures.

The following cases involved two individuals who
sustained navicular stress fractures and also had an os
supranaviculare. We hypothesize that there is an association
between the os supranaviculare and navicular stress
fractures and propose a possible mechanism.

Case report
Case 1

Case 1 involved an 18-year-old woman with left foot
pain. Initial radiographs demonstrated an os supranavicu-
lare without identifying the stress fracture (Fig. la). A
subsequent CT ordered to rule out ankle impingement
confirmed the presence of a navicular stress fracture and os
supranaviculare (Fig. 1b, c).

Case 2

Case 2 involved a 14-year-old female soccer player with
dorsal foot pain. An initial bone scan demonstrated focal
uptake within the mid-foot over the region of the navicular;
however, this was not appreciated at that time (Fig. 2). A
subsequent bone scan 2 years later (not shown) confirmed
the diagnosis. CT of the mid-foot 5 years after the initial
bone scan was performed because of recurrent symptoms
and demonstrated an os supranaviculare with an accompa-
nying navicular stress fracture (Fig. 3). MR imaging around
the same time revealed marrow edema within the navicular

(Fig. 4).
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Fig. 1 a Lateral radiograph of the foot demonstrates a well-corticated
ossicle dorsal to the proximal aspect of the navicular bone, consistent
with an os supranaviculare. No convincing findings of a navicular
stress fracture were identified. b Successive coronal CT images of the
mid-foot in the same patient show a well-corticated ossicle (open
white arrow) at the dorsal margin of the proximal navicular bone
situated within an osseous depression. A sagittally oriented fracture

Discussion

The tarsal navicular is a roughly pear-shaped bone that
articulates with the talus proximally and the three cuneiforms
distally. It has a concave proximal articular surface and a
convex distal articular surface. Functionally, it contributes to
the medial column of the foot and its medial tuberosity serves
as the attachment site for the anterior component of the
posterior tibial tendon. The navicular derives its blood supply
from branches of the dorsalis pedis and medial plantar arteries.
This configuration renders the central third of the navicular
relatively hypovascular and is thought to partly explain why
stress fractures occur in this region [3].

Initially considered a rare entity, tarsal navicular stress
fractures account for up to 35% of stress fractures in recent

Fig. 2 a Lateral view of the
right foot from a delayed phase
bone scan. There is focal uptake
within the dorsal aspect of the
mid-foot (black arrow) in the
region of the navicular bone. b
Anterior views of both feet
demonstrate asymmetric uptake
within the right mid-foot (black
arrow) in the region of the
navicular bone
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line (solid black arrows) extends from the dorsal cortex to the mid-
portion of the navicular body. Surrounding sclerosis suggests that this
might be chronic in nature. ¢ Successive axial CT images through the
superior aspect of the navicular demonstrates the os supranaviculare
(open white arrow). The sagittally orientated fracture lucency (white
arrow) involving the subchondral plate is noted. Surrounding sclerosis
is again evident

series [5]. Navicular stress fractures are observed in athletes
involved in sprinting and jumping activities. One series
looking at stress fractures in athletes reported 59% of
injuries occurring in track and field participants [6]. It is
thought that during foot strike, shear stresses across the
relatively hypovascular central navicular are accentuated by
the plantarflexed position of the foot [7]. Navicular stress
fractures are typically sagittally orientated and located
within the central third of the bone.

Navicular stress fractures often present as vague mid-
foot pain, but symptoms eventually evolve into focal pain
over the dorsum of the navicular [8]. Thus, diagnosis is
often made 7 months following the onset of symptoms in
one series [3]. Radiographic evaluation of the weight-
bearing foot is the first line imaging modality; however,

.
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Fig. 3 a Coronal CT image of the mid-foot demonstrates a well-
corticated ossicle (open white arrow) at the dorsal margin of the
proximal navicular bone situated within an osseous depression. A
sagittally orientated fracture line (solid black arrow) extends from
the dorsal cortex to the mid-portion of the navicular body. b Axial
CT image of the mid-foot in the same patient shows a well-corticated
ossicle (white arrow) at the dorsal margin of the proximal navicular
bone situated within an osseous depression. ¢ Axial CT image
inferior to that in b demonstrates the fracture lucency (solid white
arrow) involving the subchondral plate, which is consistent with a
stress fracture. Surrounding sclerosis suggests that this might be
chronic

radiographs are frequently negative [1]. CT, MRI, or
nuclear scintigraphy may be necessary for further evalua-
tion. Because of its high spatial resolution and availability,
CT is a common choice for subsequent assessment and
follow-up of stress fractures. A CT classification scheme for
navicular stress fractures has been established by Saxena et
al. [9]. According to this system, type I is a break in the
dorsal cortex, type II is a break in the dorsal cortex with

extension into the navicular body, and type III is a
fracture into another cortex. Discriminating between
complete and incomplete, or partial, stress fractures has
important implications for determining therapy. A com-
plete fracture corresponds to Saxena’s type III fracture in
which the fracture extends to another cortex, thus
cleaving the navicular into two fragments. An incomplete
fracture fails to do this, with the fracture line terminating
in the navicular cortex or body. While there is some
debate, in general, displaced complete fractures are
treated surgically and incomplete fractures in non-
athletes are managed conservatively [10].

There are numerous accessory ossicles of the foot and
their clinical significance varies considerably. A type 2
accessory navicular occurs in 2—12% of individuals and is
associated with posterior tibial tendon dysfunction [11]. An
os peroneum is present in 9% of the general population and
is responsible for the painful os peroneum syndrome [11,
12]. Interphalangeal ossicles of the great toe vary signifi-
cantly in incidence and may become symptomatic with
formation of a hyperkeratotic lesion [13, 14]. The os
supranaviculare is estimated to occur in 1% of individuals
[4]. Rarely, it may become symptomatic [15]. It is located
at the proximal dorsal margin of the tarsal navicular bone
near its mid-point. Of the few CT cases of an os
supranaviculare in our file, we have observed an associated
dorsal cortical notch in each navicular bone. An example is
provided (Fig. 5). This examination was obtained in the
setting of acute trauma in which there was no clinical
suspicion of a navicular stress fracture.

While an os supranaviculare occurs in 1% of the
population, Pavlov et al. reported a series of 23 navicular

Fig. 4 Axial T2 fat-saturated
MR image demonstrates marrow
edema within the navicular bone
(white arrow)
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Fig. 5 Two successive coronal
oblique CT images through the
proximal navicular show an os
supranaviculare situated within a
dorsal navicular depression
(black arrow). No additional
findings were noted within the
navicular

stress fractures, 22% of which involved an os supra-
naviculare [1, 4]. The exact cause of this association is
not clear, but it is plausible that a pre-existing dorsal
cortical notch accompanying an os supranaviculare may
contribute. Our two cases of navicular stress fractures
demonstrate dorsal cortical notches; however, this phenom-
enon is reported with healed stress fractures [3]. Anecdot-
ally, we have observed a notch accompanying the os
supranaviculare in patients without navicular stress frac-
tures. A larger sample size would be necessary to confirm
this association.

Normal morphological features of bone often concen-
trate stress [16]. Instances include sharp notches and
surface discontinuities, a vascular channel being a com-
mon example. A dorsal navicular depression accompa-
nying an os supranaviculare would demonstrate the same
biomechanical principles, increasing stress over the dorsal
aspect of the navicular bone. An insult to the dorsal cortex,

which might otherwise not progress in the absence of a
navicular depression, would more likely propagate in the
presence of such a stress riser. Furthermore, with this
depression localized to the site of maximal shear stress,
the likelihood of failure increases. Therefore, we hypoth-
esize that a depression accompanying an 0s supranavicu-
lare might contribute to the development of navicular
stress fractures. Additional characteristics noted by Pavlov
et al. [1] on foot radiographs are provided in Table 1.

Our hypothesis in part relies upon reports of the
incidence of an os supranaviculare in the general
population as well as in a cohort with navicular stress
fractures [1, 4]. Only a single study describing the
incidence in the general population was available for
review; however, the sample size was rather large [4].
Additionally, while there are many reports of navicular
stress fractures, not all described the presence or absence
of an accompanying os supranaviculare.

Table 1 Common foot

characteristics in tarsal navicular Characteristic Number
stress fractures demonstrated on
radiographs Anteroposterior view
Sclerosis of the proximal articular border of the navicular 22
Short first metatarsal 19
Metatarsal adductus primus or 1st to 3rd digits 17
Metatarsal hyperostosis or stress fractures of the 2nd to 4th digits 17
Narrowing of the medial aspect of the talonavicular joint 9
Lateral view
Plantarward displacement of the talus and the navicular with the cuneiforms 17
Juxta-articular ossicles 16
Os trigonum 10
Os calcaneus secondarias 2
Os supratalare 4
Os supranaviculare 5
Os tibia talare 3
Os tibiale externa 2
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