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Calcaneal cysts and lipomas: a common pathogenesis?
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Abstract Calcaneal cysts and lipomas are relatively rare, be-
nign bone lesions. They are similar in many ways, including
in their location and radiological appearance, but their content
differs. Cysts contain fluid whereas lipomas contain fat, al-
though some lesions may exhibit a mixed content. The path-
ogenesis of the two entities is the subject of controversy. The
theory that calcaneal cysts may result from lipomatous necro-
sis has been widely suggested in the literature, but no such
progression has ever been shown. The contrary hypothesis has
also been considered, i.e., that the content of regressing cysts
may be replaced by fatty marrow, leading to a lipoma-like
appearance. This second theory is based on indirect argu-
ments, notably that lipomas have a similar location to
intraosseous calcaneal ganglion cysts that arise from the
subtalar joint and that patients are older in cases of calcaneus
lipomas than in cases of calcaneus cysts. We offer an addition-
al argument in favor of this hypothesis. We present an original
observation of a calcaneal cyst incidentally discovered in a 15-
year-old male whose spontaneous evolution 3 and 7 years
later revealed progressive replacement of its fluid content by
fat.
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Introduction

Simple (solitary or unicameral) bone cysts of the calcaneus,
which are fluid-filled cavities, are benign lesions that have
been described for many years [1]. The calcaneal location is
considered to be relatively rare [2–5]. Calcaneal cysts repre-
sent 2 to 14% of simple bone cysts [6, 7]. Cysts in the long
bones are generally discovered during the first 2 decades of
life [8–10]. Calcaneal cysts are seen a little later, usually dur-
ing the 2nd and 3rd decades of life [3, 5, 7, 11–17]. In a recent
review of 10 studies in 171 patients, mean age was 25.7 ±
8.1 years, and males were clearly most often affected (two
thirds of cases) [17].

Calcaneal lipomas, which are cavities filled with fatty tis-
sue, are also benign lesions that have long been described
[18], and they too are considered rare [5, 19–21]. Of all
intraosseous lipomas of the skeleton (1/1000 primary bone
tumors [22]), the calcaneal location is proportionally the most
common (one third of 110 cases in a literature review [23]).
Calcaneal lipomas are observed later than solitary calcaneal
cysts, generally between 30 and 60 years of age [5, 20, 21,
24–26], and male sex clearly predominates (two thirds of
cases) [21, 23].

Calcaneal cysts and lipomas are probably more common
than the cases reported: they are very often discovered inci-
dentally, and their unalarming radiological appearance does
not call for further exploration to determine their nature [15].
Their natural histories are poorly known, probably because
their appearance is so clearly benign that they require no
long-term follow-up or because follow-up is only performed
by plain radiography, which cannot differentiate them.

It has been hypothesized that calcaneal cysts and lipomas
are a single entity and that a pathogenic continuity exists
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between them: either cysts result from the liquefaction of li-
pomas or lipomas result from the regression of cysts and their
replacement by fatty marrow [5, 6, 15, 27, 28]. This point will
be the subject of the discussion that follows.

Similarities between calcaneal cysts and lipomas

Both lesions are characterized by the same location under the
calcaneal sulcus, which is situated on the anteroinferior mar-
gin of the posterior articular surface [1, 3, 5, 11, 15, 16, 21, 26,
29]. Their radiological appearance is also identical, forming a
more or less triangular area pointing upwards, devoid of tra-
becular structure, well delineated and sometimes surrounded
by a sclerotic margin that is usually thin [more visible on
computed tomography (CT)]. The defect may display signs
of moderate chronic expansion, most often predominating
inferolaterally, with cortical thinning and bowing (visible on
tangential axial radiographs) and no periosteal reaction. This
appearance has been described for both cysts and lipomas of
the calcaneus [1, 5, 11, 13–15, 20, 22, 23, 26, 29–32]. Central
calcifications are also present in more than half of lipoma
cases (73% [23]). They are often irregular, sometimes with a
chondroid appearance, or suggestive of the periphery of a
bone infarct [5, 20, 26, 32], or it has a regular circular appear-
ance (the bull’s-eye appearance) [22, 30].

Another point that cysts and lipomas have in common is
that they are usually discovered incidentally or associatedwith
generally moderate pain that may relate to microfractures [1,
3, 7, 23, 26, 28]. Pathological fractures are very rare with cysts
[4, 15, 16] and even more rare with lipomas [20, 33]. The
anterior calcaneal location of cysts and lipomas corresponds
exactly to a triangular anatomic area in which the trabecular

network is naturally much sparser (Fig. 1). This area is more
or less visible on 70% of lateral radiographs and has a down-
right pseudo-cystic appearance in 7% of cases [34]. The al-
most total lack of spongy structure in this area is due to the
absence of locally transmitted forces, which pass instead

Fig. 1 Calcaneal pseudo-cyst: note the persistence of some spongy bone
within the margins of the pseudo-cyst (arrow)

Fig. 2 Calcaneal cyst in a 17-year-old male. Radiography (a) shows a
defect in the same area as a pseudo-cyst. The defect contains fluid that has
low signal intensity on T1-weighted MRI (b) and high signal intensity on
T2 weighting (c)
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through the thick trabeculae that surround this area, forming
arches between the joints, tuberosity and inferior aspect of the
calcaneus [5, 29, 35]. However, unlike cysts and lipomas,
pseudo-cysts contain a sparse trabecular stucture, and there
is no peripheral sclerotic rim, sign of expansion or central
calcification.

Differentiating cysts and lipomas on imaging

On CTand magnetic resonance imaging (MRI), the content of
cysts and lipomas appears entirely different, which makes
differentiating them easy. The fluid content of cysts displays
water density on CT [0 to 30 Hounsfield units (HU)]. On
MRI, signal intensity is low on T1-weighted images, shows
no enhancement after intravenous gadolinium and is high on
T2-weighted images (Fig. 2). The peripheral rim has higher
density on CTand very low signal intensity onMRI. The fatty
tissue contained within lipomas has very negative density
values on CT (−60 to -130HU), high signal intensity on T1-
weighted MRI images, relatively high signal intensity on T2-
weighted images and very low intensity on fat-suppressed

imaging sequences [5, 7, 22, 23, 26, 30, 36] (Fig. 3). The
central portion of lipomas may be more heterogeneous and
comprise myxoid, cystic and calcified areas (Fig. 4) with CT
densities and MRI signals corresponding to these different
components [5, 22].

There are some ambiguities in descriptions in the literature.
First, some old descriptions are based exclusively on histolog-
ically proven cases [31], whereas others include cases diag-
nosed by plain radiography alone, which cannot differentiate
between the two entities [4, 11, 12, 26, 29]. Second, cases
whose content includes both fat and fluid have been illustrated
in both articles describing lipomas [5, 20, 22, 37] and in others
describing cysts [6, 10, 15].

Pathogenesis

The pathogenesis of calcaneal cysts probably differs from that
in the long bones because calcaneal cysts are not adjacent to
growth plates. Many explanations have been put forward for
this particular location, such as that they develop from a con-
genital remnant in the region of the primary ossification center

Fig. 3 Calcaneal lipoma in a 51-
year-old female: CT image (a)
shows very-low-density content
resembling the sub-calcaneal hy-
podermic regions. Another lipo-
ma, here in a 61-year-old male:
MRI images show the defect’s
content to have intense signal on
T1 weighting (b), relatively high
signal intensity on T2 weighting
(c) and no signal on fat-
suppressed image sequences (d),
as with subcutaneous fat
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[11], or because of a degenerative process in an area of bone
rarefaction [10], or under the influence of mechanical factors
(although their typically unilateral nature argues against this
theory [1]) or because of organized hemorrhages as suggested
by the presence of hemosiderin, cholesterol deposits and his-
tiocytic reactions in the walls [13]. The hypothesis that cysts
may result from ischemic degeneration of lipomas has also
been widely discussed, especially following Milgram’s de-
scriptions (see below) [22, 23, 31]. Recently, Elias et al. [28]
suggested that calcaneal cysts may result from ganglion cysts
arising from the subtalar joint. They base their theory on the
frequent observation in MRI examinations of the calcaneus of
small cyst-like lesions just below the anterior margin of the
posterior calcaneal articular surface. These cyst-like lesions
probably correspond to ganglion cysts communicating with
the joint (as demonstrated byMRI arthrography in one of their
cases). Such small formations are located in the same area as
the upper portion of simple calcaneal cysts, and the calcaneal

cysts may therefore result from ganglion cysts’ expanding into
the locally very loose bone space underneath [28].

The pathogenesis of calcaneal lipomas has also been wide-
ly debated [6, 10, 20, 22, 23, 37]. Many authors believe them
to be true benign tumors, the result of adipocyte proliferation
[31, 36, 38]. According to Milgram, the changing appearance
of their content corresponds to progressive stages of the pri-
mary lipoma, namely stage 1: solid tumor composed ofmature
fat cells without cytological abnormalities; stage 2: appear-
ance of ischemic necrosis due to the lipoma’s expansion into
a rigid bone cavity, producing mixed areas of viable adipo-
cytes, infarcted fat and calcification; stage 3: more diffuse
necrosis, extension of calcifications, myxoid degeneration
and formation of cystic cavities [31, 32]. However, the stages
described relate to the histological appearance of different
cases, and the natural transition from one stage to the next
has never been demonstrated. For Murphey et al., it may not
be a tumor in the strict sense but rather a hamartoma resulting
from a focal excess conversion of hematopoietic marrow into
fatty marrow [22]. Other hypotheses have been put forward,
including previous ischemic infarction, the final stage of in-
fection, and the result of elevated venous pressure or mechan-
ical stress leading to hypertrophy of marginal trabeculae and
central resorption [23, 26]. Lastly, we must mention the hy-
pothesis that calcaneal lipomas may be caused by the involu-
tion of cystic lesions [23, 28, 36].

Discussion of the pathogenesis of these two entities is, thus,
confused, especially since, as we have pointed out, calcaneal
cysts have been described as lipomas and vice versa. Lagier
believes that lipomas and cysts of the calcaneus may consti-
tute two types of response to a single mechanical or vascular
stimulus [27], while for Mirra, the two terms are even used to
describe a single entity with a varying cyst- or lipoma-like
histology [6].

Possible relationship between calcaneal cysts
and lipomas

Thus, the possibility that the one may evolve into the other has
been considered in both directions. Milgram’s hypothesis that
lipomatous ischemia causes myxoid degeneration and the ap-
pearance of fluid content [31] has been taken up by other
authors [5, 22, 30], but transformation of this kind of a calca-
neal lipoma into a cyst has never been shown [5], while the
stability of the fat content of a lipoma was observed by MRI
for 18 years in one case, with progression of central calcifica-
tions [39].

Reverse progression, from cystic to fatty content, has also
been proposed. Hatori et al. described a calcaneal lipoma (on

Fig. 4 Lipomas from both calcanei in a 33-year-old male: CT images
show very low density content of fatty nature in the cavities (black arrows
in a and b). The center of the lesions contains areas of intermediate density
compatible with fluid (large white arrows) (in a and b) as well as very-
high-density calcific areas (small white arrow in b)
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CT, MRI and histological examination) in a 22-year-old fe-
male within the site of a cyst (not shown) punctured 8 years
earlier [36], although progression was not truly spontaneous.
Elias et al. hypothesized that cysts communicating with the
joint may regress and that such an involution may be followed
by the replacement of the fluid content with fatty marrow [28].
Such a progression from cyst to lipoma would offer a good
explanation for their respective prevalences. Calcaneal cysts
are observed in adolescents and young adults, whereas lipo-
mas are seen in older subjects. It should also be noted that the
appearance of fatty marrow in place of a regressing
intraosseous lesion may be observed in other types of disease,
such as lymphoma, metastasis or rheumatic sacroiliitis
[40–43]. The replacement of a calcaneal cyst’s content with
fat is exactly what happened in the observation described
below.

Personal observation

A defect was incidentally discovered in a 15-year-old male in
the anterior portion of a calcaneus (Fig. 5a) during exploration
of a metatarsal tumor (florid reactive periostitis, not shown).
On CT, the defect had well-defined margins and there were
signs of moderate chronic expansion (Fig. 5b). The

attenuation coefficient measured in the lesion on CT was 25
HU. On MRI, the defect’s content displayed low signal inten-
sity on T1 weighting (Fig. 5c) with no enhancement after
intravenous injection of gadolinium and high signal intensity
on T2* weighting (Fig. 5d). Hence, the lesion had the typical
appearance of a simple calcaneal cyst. An MRI follow-up
conducted 4 years later to check the operated metatarsal tumor
showed that a portion of the calcaneal defect had changed and
was displaying high signal intensity on T1-weighted images
similar to the subcutaneous fat signal (Figs. 6a and 7b). A
further MRI follow-up conducted 3 years later (or 7 years after
the first examination) revealed that almost the entire defect
displayed an extensive fat-like signal intensity on T1
weighting accompanied by a few residual non-fat areas
(Figs. 6b and 7c). The content of the initial calcaneal cyst
gradually came to resemble that of a lipoma. To our knowl-
edge, such a spontaneous progression has never been shown
in the literature.

Conclusion

Several characteristics specific to calcaneal cysts and lipomas
argue in favor of a common pathogenesis. The discovery of
cystic areas within cavities containing fatty tissue has led to

Fig. 5 Radiograph of the ankle of
a 15-year-old male taken during
examination of a metatarsal tumor
shows a defect (arrows in a) in the
anterior portion of the calcaneus.
The axial CT image (b) shows the
well-delineated appearance of the
defect, surrounded by a very thin
bony wall (thin arrows). The me-
dial cortex (thick arrow) displays
moderate bowing and thinning.
Sagittal MRI images show fluid
content with low signal intensity
on T1 weighting (c) and high
signal intensity on T2* weighting
(d)
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the suggestion that lipomas liquefy because of necrotic pro-
cesses, but to date no observations have corroborated this
hypothesis. The contrary hypothesis, that fat-containing cal-
caneal cavities called lipomas may result from the involution
of pre-existing cysts, finds indirect arguments in the analogy
with intraosseous ganglion cysts and in the respective ages at
which lesions are discovered, i.e., later for lipomas than for
cysts. Our observation provides an additional argument in
favor of the latter hypothesis that a continuum exists between

Fig. 6 Sagittal T1-weighted MRI images respectively 4 (a) and 7 (b)
years after initial examination: the low signal intensity of the cystic area
is gradually replaced by a high signal intensity similar to subcutaneous fat
signal

�Fig. 7 Recap of the progression on axial T1-weighted MRI. The lesion
displays low signal intensity on initial examination (a). Some 4 years
later, high signal intensity appears in the peripheral portion of the lesion
(arrow in b). Then, 7 years after the initial examination, most of the lesion
displays high signal intensity on T1 weighting (c) similar to the signal of
subcutaneous or medullary fat
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calcaneal cysts and lipomas. Long-term follow-up of other
cases will be required to determine whether such progression
happens occasionally or is rather the norm.
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