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A coalition is a congenital bony, cartilaginous, or
fibrous connection (called a bar) between two or
more bones. Coalitions are clinically significant
because they prevent normal joint motion. They
are most frequently seen in the hindfoot (tarsal co-
alition), but also occur in the wrist and occasionally
the elbow.

The existence of tarsal coalition has been recog-
nized since the eighteenth century,’ but it was not
until 1948 that Harris and Beath® made the first
widely known report identifying tarsal coalition as
a cause of a painful, rigid flatfoot, and the condition
began to be viewed as a clinically significant entity.

Tarsal coalitions are attributable to congenital fail-
ure of segmentation of the tarsal bones.® They most
commonly occur between the talus and calcaneus
(subtalar coalition) and between the anterior process
of the calcaneus and the navicular (calcaneonavicu-
lar coalition). They may also be seen between talus
and navicular, between calcaneus and cuboid, or
between multiple tarsal bones. Coalitions are usually
an isolated anomaly, and are at least partly familial;
review of first-degree relatives of patients who
have symptomatic flatfoot found that 39% had
asymptomatic coalitions.* A small fraction of coali-
tions are associated with carpal coalition, sympha-
langism, and fibular hemimelia.’-

The prevalence of tarsal coalition has long been
debated in the literature.>® Most studies report
a prevalence of 1% to 3% in the adult population.
A recent retrospective record review found tarsal
coalition had been diagnosed in 0.6% of more
than 27,000 ankle MR imaging studies.® When
the authors performed a second review of 607
MR imaging studies randomly selected from the
initial database they diagnosed coalitions, primar-
ily calcaneonavicular, in 12% of patients. Given

that this prevalence is at enormous variance with
previous reports, and weak diagnostic criteria
were used for diagnosis, these results should be
viewed with caution.

There are variable clinical presentations of tarsal
coalition. Although it is a congenital condition, it is
asymptomatic in early life. The classic presentation
isinthe second decade when the patient complains
of chronic pain and is seen to have a rigid, flat foot
on clinical examination. Patients who are not highly
active often present later in life,’® and some af-
fected individuals may never become symptom-
atic. In college-age patients, the most common
presentation is repeated ankle sprain. Because of
Harris’s? landmark study, coalitions are sometimes
believed to be universally associated with flatfoot
deformity. Only about half of coalitions are associ-
ated with flatfoot, however,® and they may even
be associated with a cavus foot deformity.-"3

Tarsal coalition may be difficult to identify on
clinical and imaging evaluation. Given the high
prevalence of coalition, radiologists must be alert
to the often subtle imaging findings.

PERTINENT NORMAL IMAGING FINDINGS
IN HINDFOOT

The middle subtalar joint can be evaluated on the
anterior-posterior (AP) and axial (Harris) views.
The sustentaculum tali is shaped like a flat brick.
The middle subtalar facet, above it, has a straight
contour. If the lateral radiograph (Fig. 1A) is well
centered (ie, if the posterior subtalar joint is in
profile), then the middle subtalar joint should
always be in profile. On the Harris view (see
Fig. 1B), the sustentaculum tali juts out from
the medial margin of the calcaneus, and the
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Fig.1. Normal hindfoot radiographs. (A). Lateral radiograph shows normal appearance of sustentaculum tali (ST),
which forms a rectangle below the middle subtalar facet (arrowhead). Anterior process of calcaneus (A) forms
a triangle. This patient has a large talar ridge (arrow), which is a normal variant at the anterior attachment of
the ankle joint capsule and not to be mistaken for a talar beak. (B) Harris view shows normal contour of under-
surface of sustentaculum tali (arrow) and middle subtalar facet (black arrowhead) and posterior subtalar facet
(white arrowhead). C, calcaneus; T, talus. (C) Oblique radiograph shows pointed tip of anterior process of calca-
neus (arrow) separated from navicular (N). Calcaneus and navicular may approach more closely without a coali-
tion being present. (D) Anteroposterior radiograph shows lateral margin of talus (T) and navicular (N) are
aligned. Anterior process of calcaneus (C) is not visible on this view.

middle subtalar joint is visible above it and medial
to the lateral subtalar joint.

The relationships of the calcaneus and navicular
are evaluated on the lateral, oblique, and AP
views. On the lateral view (see Fig. 1A), the anterior
process of the calcaneus is pointed and short. On
the oblique view (see Fig. 1C), the anterior process
is triangular, and a space is present between the
anterior process and the navicular. A caveat
must be mentioned: in the context of a flatfoot de-
formity, the anterior process may come close to
the navicular, but it maintains its normal triangular
contour as opposed to the squared contour seen
in calcaneonavicular coalition. On the AP view
(see Fig. 1D), the lateral margins of the talar
head and the navicular are aligned.

On CT and MR, the anatomic relationships of the
subtalar joint are more easily seen. Coronal and
sagittal cross-sectional imaging show the normal
brick-shaped sustentaculum tali (Fig. 2A-C) and
the flat contour of the middle subtalar joint. Note
that the most posterior portion of the sustentacu-
lum tali is nonarticular.

The anterior process of the calcaneus is best
seen on sagittal CT and MR images (Fig. 3A). It
is surprising how closely the anterior process of
the calcaneus and the lateral margin of the navic-
ular approach each other on axial images in
some individuals (see Fig. 3B,C). As long as
normal contours are maintained and there are no
reactive changes in the adjacent bones, one may
be confident that there is no coalition.



RADIOGRAPHIC FINDINGS OF SUBTALAR
COALITION

Subtalar coalitions almost always involve the
middle subtalar facet, although an isolated coali-
tion of the posterior facet may rarely occur. Osse-
ous and nonosseous subtalar coalitions cause
abnormal bone overgrowth of both the sustentac-
ulum tali and the adjacent talus. These changes
are readily seen on the Harris view (Fig. 4A),
and it is on this view that radiographic diagnosis
of coalition is traditionally made.? "% Osseous
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coalitions are characterized by a continuous
bony bar. Nonosseous subtalar coalitions dem-
onstrate bony overgrowth, with the talus and sus-
tentaculum tali separated by a narrow, irregular
cleft. Sclerosis and subchondral cysts are often
visible.

The Harris view is not part of routine ankle or
foot radiographic series, and therefore various ra-
diographic signs of subtalar coalition visible on the
routine lateral view have been described. None of
these are infallible in isolation, but all raise the sus-
picion of coalition.

A MCS .
Fig. 2. Normal subtalar joint, MR imaging and CT. (A) Coronal proton density image through normal middle sub-
talar facet (arrow) shows sustentaculum tali (ST) is medial to body of calcaneus (C). Talus (T) body forms a short
pillar, which articulates with sustentaculum tali. (B) Oblique axial CT through middle subtalar joint resembles
a Harris view. Middle subtalar joint is marked by arrow. (C) Sagittal T1-weighted MR image shows sustentaculum
tali and straight orientation of joint (black arrow). Flexor hallucis longus tendon (white arrow) passing beneath
sustentaculum is a useful landmark.
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Fig. 3. Normal calcaneonavicular relationships, MR imaging and CT. (A) Sagittal T1 MR shows normal, triangular
tip of anterior process of calcaneus (arrow). This plane is usually best for evaluation of suspected calcaneonavic-
ular coalition. (B) Axial proton density with fat saturation MR shows small space (arrow) between anterior process
and navicular. In this case, the gap is easy to see because of fluid from a talonavicular joint effusion; however, if
no fluid is present it may be difficult to tell soft tissue fat from bone marrow fat. (C) Oblique axial CT shows how
narrow the separation may be (arrow) between a normal anterior process of the calcaneus and the navicular.
There are no alterations in bony contour or subchondral cysts, which would be seen in cases of non-bony

coalition.

C-Sign

Lateur and colleagues'® first reported the C-sign
as an indication of tarsal coalition. The C-sign is
formed by continuity of the inferomedial border
of the talus with the sustentaculum tali, seen on
lateral radiograph (see Fig. 4B,C) The C-sign has
been reported as having a sensitivity ranging
from 40%'” to 94%'® and a specificity ranging
from 87%° to 50%."” The C-sign results from
close apposition of medial talus and sustentacu-
lum tali, which occurs in most cases of flatfoot

deformity. As Brown and coworkers'” pointed
out, C-sign is more indicative of flatfoot deformity
than coalition.

Dysmorphic Sustentaculum Tali

The normal sustentaculum tali appears rectangular
on the lateral radiograph, resembling a building
brick. When a subtalar coalition is present, the infe-
rior contour becomes enlarged and rounded (see
Fig. 4B,C). This sign was originally reported to
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Fig. 4. Radiographs of subtalar coalition. (A) Harris view shows bulbous sustentaculum tali, with rounded inferior
contour (arrow) and overgrowth in expected region of middle subtalar facet (arrowhead). (B) Lateral radiograph
shows dysmorphic sustentaculum tali, with bony overgrowth and rounding of its inferior contour. Continuity of
sustentaculum tali contour with that of medial talus is the C-sign (arrowheads). (C) Lateral radiograph shows talar
beak (arrow) arising at talonavicular joint and curving away from joint and dysmorphic sustentaculum tali and
C-sign (arrowheads). (D) Lateral radiograph shows rounded lateral process of talus (white arrowhead) and dys-
morphic sustentaculum tali (black arrowheads). Bony prominence (arrow) at dorsal margin of talar head has fea-
tures of both osteophyte and beak, perhaps because this is an older patient who has developed osteoarthritis.

have a sensitivity of 82% and a specificity of 70%,°
but a more recent report found a sensitivity of 70%.°

Blunted Lateral Process of Talus

Decreased motion of the middle subtalar fac-
et increases stress at the posterior subtalar
facet. As a result of the altered stress, the lat-
eral process of the talus, normally triangular
with an inferior apex, develops a rounded
contour (see Fig. 4D)."® This finding has had
limited acceptance in the literature and is
not commonly seen but can be a useful
corroborating sign.

Talar Beak

A talar beak may occur with either a subtalar or
a calcaneonavicular coalition. Tarsal coalition

decreases normal motion in portions of the hind-
foot, with compensatory increase in the range of
motion of the talonavicular joint. The articular
surface of the talar head flares superiorly to ac-
commodate the increased range of motion.
This superior flare is called a talar beak (see
Fig. 4C). There are three different types of prom-
inences on the dorsal margin of the distal talus:
talar beak, talar osteophytes, and talar ridge.
Only the talar beak indicates coalition. The
distinguishing radiographic features of these
three entities were discussed by Resnick.'® A
talar beak, indicating coalition, is a widening of
the joint surface, and flares upward away from
the navicular. A talar osteophyte attributable to
osteoarthritis originates slightly proximal to the
joint and arcs forward over the joint. A talar ridge
(see Fig. 1A), the normal anterior attachment of

1021



1022

Crim

Fig. 5. MR image of subtalar coalition. (A) Coronal proton density image shows a bony coalition (arrow) with
overgrowth of sustentaculum tali and adjacent talus. (B) Coronal proton density images shows a non-bony coa-
lition, with a narrow cleft (arrowhead) between talus and sustentaculum tali, and a rounded inferior margin of
the sustentaculum (arrow). (C) Coronal T2 with fat saturation image in the same patient as B shows that the cleft
(arrowhead) is narrow and irregular. Subchondral cysts and bone marrow edema are useful clues for diagnosis.

the tibiotalar joint capsule, is centered more Absent Middle Facet Sign
proximally on the talar neck. Occasionally it
may be difficult to differentiate a talar beak and
talar osteophytes (see Fig. 4D).

If the lateral radiograph is well centered on the
hindfoot, then the middle facet articular surfaces
and the joint space between them are visible in

Fig. 6. Radiographs of calcaneonavicular coalition. (A) Oblique radiograph shows broadened anterior process
(A) forming a connection (arrow) with the navicular (N). There is remodeling of both navicular and anterior pro-
cess to form the closely congruent non-bony bar. (B) Lateral radiograph again shows broadened anterior process
and non-bony coalition (arrow). (C) Anteroposterior process shows broadened navicular (reverse anteater sign,
arrow). Coalition is hard to see (arrowhead) because anterior process of calcaneus is not in profile.



the normal foot (see Fig. 1A). The joint is not vis-
ible in cases of subtalar coalition (see Fig. 4A-D)
due either to complete bony bar or to the obliquity
of the narrow cleft between the bones in nonoss-
eous coalition. This sign has a reported sensitivity
and specificity ranging from 75% and 90%, re-
spectively,’® to 100% and 40%.° The absent mid-
dle facet sign is useful only in well-positioned
radiographs. The posterior subtalar joint can be
used as a positioning landmark on lateral radio-
graphs; if the posterior subtalar joint is well seen
in profile, then the middle subtalar joint should
also be seen unless a coalition is present. If the
posterior subtalar joint cannot be seen in profile
because of malpositioning, the middle facet is

often obscured also.
L
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CT AND MR IMAGING FINDINGS OF
SUBTALAR COALITION

CT and MR imaging are the most reliable methods
for diagnosing subtalar coalition.®®2°25 Bony
continuity across the middle subtalar facet is easily
recoghized, but a nonosseous subtalar coalition
may be missed on MR if the irregular cleft between
the dysmorphic bones is mistaken for a joint
(Fig. 5A-C). Unlike a true middle subtalar facet,
the interosseous space of a fibrous or cartilagi-
nous coalition is narrow, obliquely oriented, and
has an undulating contour. Subchondral cysts
are often present. Bone marrow edema centered
about the coalition is usually seen on fluid-sensi-
tive MR imaging sequences.?® The sustentaculum

Fig.7. MR imaging and CT of calcaneonavicular coalitions. (A) Sagittal STIR MR shows anteater sign and enlarged
lateral portion of navicular, separated by narrow fibrous bar (arrow). Sclerosis and cysts are seen adjacent to the
bar. (B) Sagittal CT shows a similar coalition (arrow). Note irregularity of apposing surfaces and subchondral cysts.
(C) Axial proton density with fat saturation image shows that bar (arrow) is difficult to appreciate because
marrow and soft tissue fat have same signal intensity. (D) Coronal CT shows fibrous coalition. Elongated anterior
process of calcaneus (A) projects superior to cuboid (Cu); it can be seen articulating with enlarged navicular (N).
(E) Axial CT in same patient shows non-bony coalition (arrow) bordered by broad anterior process and reverse

anteater sign.
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tali is typically enlarged and has a rounded contour
inferiorly. Associated tenosynovitis may be identi-
fied either in peroneal tendons or in flexor tendons,
reflecting altered biomechanics.

RADIOGRAPHIC FINDINGS OF
CALCANEONAVICULAR COALITION
Anteater Sign

This sign was originally described on oblique ra-
diographs of the foot.'>?” The normally triangular
anterior process of calcaneus becomes elongated
and its tip is squared like the snout of an anteater
(Fig. 6A). The elongated anterior process abuts the
lateral margin of the navicular. The sign is also vis-
ible on lateral radiographs (see Fig. 6B) where it
has a sensitivity of 72% and a specificity of
90%° in one report, but a sensitivity of only 10%
in a subsequent report.® The sign is more difficult

to see on lateral radiographs because of the
superimposition of overlying bones.

Elongated Navicular Sign (Reverse Anteater)

This sign is visible on AP radiographs of the foot (see
Fig. 6C). Normally, the lateral margins of the navicu-
lar and the head of the talus are aligned. When a cal-
caneonavicular coalition is present, the navicular
extends further laterally, and the anteroposterior di-
mension of the lateral portion tends to be smaller
than at the medial portion of the navicular. The orig-
inal reported sensitivity of this sign was 50% and
specificity was 100%,° although a subsequent
report found a sensitivity of only 18%.°

CTAND MR IMAGING FINDINGS OF
CALCANEONAVICULAR COALITION

A calcaneonavicular coalition is often easier to see
using conventional radiography than either MR

Fig. 8. Other coalitions. (A) Lateral radiograph shows complete absence of calcaneocuboid joint (arrow). (B) Lat-
eral radiograph shows complete absence of talonavicular joint (arrow). (C) Coronal CT shows bilateral bony
posterior subtalar facet coalitions (arrows). Note that only portions of the joints are fused. This type of coalition

is not visible on radiographs.



imaging or CT, because of the oblique orientation of
the small bar, which can be mistaken for normal
bone on cross-sectional imaging. Sagittal images
most reliably show the elongated anterior process
of the calcaneus and its blunted tip (Fig. 7A,B). If im-
ages are oblique, or the midfoot is adducted, the bar
may be difficult to see. Subchondral cysts or bone
marrow edema in the anterior process of the calca-
neus are useful hints that a coalition may be present.

For cases in which diagnosis is not definitive on
sagittal images, axial and coronal planes are used.
To accurately make the diagnosis on these
images, it is important to remember that in the
normal foot the distance between the anterior
process of calcaneus and the navicular is often
small. More important than the distance between
the calcaneus and navicular are the abnormal
shape of the anterior process and adjacent navic-
ular, and the presence of reactive cysts and bone
marrow edema. Unfortunately, fatty bone marrow
may be difficult to distinguish from fat in soft
tissues, making determination of bone outline
difficult on MR (see Fig. 7C).

It may be difficult to distinguish between calca-
neonavicular coalition (see Fig. 7D,E) and the
normal cuboid-navicular joint (see Fig. 3D,E). A
calcaneonavicular bar may be mistaken for
cuboid-navicular joint because of the sigmoid
shape of the calcaneocuboid joint. Axial and coro-
nal images may cut obliquely through portions of
each bone. This problem can be avoided by using
a localizer to compare between planes and by
comparing a single image to adjacent images.

OTHER TYPES OF COALITION

Other types of coalition are rare. Coalitions are
reported in the posterior subtalar facet and
between the cuboid and navicular,?® talus and
navicular,?®=" the navicular and cuneiforms,
the calcaneus and cuboid,*® and between multiple
bones.*5343% These are generally easily seen on
radiographs (Fig. 8A,B).

One rare type of coalition, the posterior subtalar
coalition, is not visible on radiographs and is diffi-
cult to see even on advanced imaging. This coali-
tion was originally described by Harris,> who
detected it at time of surgical exploration. The
posterior subtalar coalition usually involves the
anteromedial margin of the posterior subtalar joint,
and the posterior, usually nonarticular, portion of
the sustentaculum tali (see Fig. 8C).

COALITIONS OF MULTIPLE BONES

Extensive fusions of the hindfoot are often associ-
ated with fibular hemimelia or other congenital

Imaging of Tarsal Coalition

syndromes. When coalitions of multiple tarsal
bones are present, the severe limitation of motion
can result in a ball-in-socket configuration of the
talus.®6-3° This configuration refers to a talar troch-
lea, which is convex superiorly from medial to
lateral, as opposed to the normal concave config-
uration. Ball-in-socket talus is not a feature of
a simple subtalar or calcaneonavicular coalition.
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