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Introduction

Intraosseous lipoma (IOL) is a rare benign tumor consisting
0.1 to 2.5% of all primary bone tumors.1,2 Common sites are
the calcaneus, femur, and tibia, and only 4% of the IOLs occur
in the skull.3 IOLs of the skull are subdivided into three
groups according to their location: the calvaria, cranial base,
and facial skeleton (►Fig. 1). The common radiological
features are calcification (57%), marginal sclerosis (74%),

and cyst formation (67%). Although IOL shows various his-
tological changes such as atrophic bony trabeculae, fat
necrosis, myxoid stroma, and calcification,1 most typical
cases are diagnosed by imaging alone without invasive
procedures such as biopsy and resection.3,4 Here, we report
a case of calvarial IOL in the early stage, presenting only an
expansion of the diploe without conventional radiopatho-
logical features. We also review the literature and probe into
the characteristics of calvarial IOLs.
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Abstract Intraosseous lipoma (IOL) is a benign bone tumor that usually arises from the lower
limb and rarely arises from the skull. Radiological diagnosis of a typical case is not
problematic due to its characteristic calcification and marginal sclerosis. Here, we
report a case of calvarial IOL in the early stage lacking conventional radiopathological
features. The patient is a 7-year-old girl who presented with a slow-growing protuber-
ance on the vertex of the head. Computed tomography displayed a low-density mass
without calcification that was continuous with the surrounding diploe. The mass was
resected piece by piece for diagnostic and cosmetic reasons. Histologically, the
specimen consisted of bony trabeculae and intertrabecular adipose tissue, which
resembled normal fatty marrow. However, adipose tissue was considered neoplastic
since it lacked hematopoietic elements. The final diagnosis of IOL was made by
radiopathological correlation. This case suggests that IOL should be included in the
differential diagnosis of diploic expansion, even if calcification is absent. The histology
of an early-stage IOL resembles normal fatty marrow, but recognizing the absence of
hematopoietic elements aids the diagnosis. Also, our literature review indicates that
such cases are likely to be encountered in the calvaria than cranial base.
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Case Report

The patient is a 7-year-old girl who was followed-up for a
firm protuberance at the vertex of the head. She initially
presented to our hospital at the age of twowhen her mother
realized that the hump had been growing slowly in the past
1 year. The patient had no other medical history or known
family history. On examination, the hump was as firm as a
bone while the skin was intact.

Plain skull radiography displayed a radiolucent mass at
the vertex of the skull (►Fig. 2A, B). Computed tomography
(CT) illustrated a spindle-shaped low-density mass that was
continuous with the surrounding diploe (►Fig. 2C, D). On
magnetic resonance imaging, the mass was 34mm in diam-
eter and 8mm in thickness showing homogeneous high
signal intensity on T1- and T2-weighted images (►Fig. 2E,

F). Calcification was not evident in any modality. Since the
mass continued to expand slowly, surgery was considered at
the age of seven for diagnostic and cosmetic reasons.

Intraoperative findings revealed that the surface of the
outer tablewas intact, yet the diploewas thickened (►Fig. 3).
The lesion displayed an indistinct border with a yellow cut-
surface resembling a normal cancellous bone. It was resected
piece by piece by a diamond drill, and all specimens were
submitted for a pathological study. The internal plate was
preserved as it appeared to be normal.

Microscopically, most areas (95%) consisted of trabeculae
of lamellar bone and intertrabecular adipose tissue reminis-
cent of normal fatty marrow (►Fig. 4A, B). However, the
adipose tissue seemed monotonous and lacked hematopoi-
etic elements. There were also focal areas (5%) exhibiting a
transition to a preexisting marrow, which included hemato-
poietic elements (►Fig. 4C, D). These findings indicated the
neoplastic feature of the intertrabecular adipocytes. Thefinal
diagnosis of IOL was made by radiopathological correlation.

Fig. 1 Illustratedmidsagittal section of the skull. Calvaria is filled with
horizontal wave pattern; cranial base is filled with vertical stripe
pattern. Facial skeleton is unfilled.

Fig. 2 Plain lateral (A) and frontal (B) skull radiographs display a
radiolucent mass at the vertex of the skull. Sagittal computed
tomography (CT) scan (C) illustrates a spindle-shaped low-density
mass expanding the diploe, and three-dimensional CT reconstruction
(D) renders the mass located at the intersection of the coronal and the
sagittal suture. Magnetic resonance imaging shows high signal in-
tensity on sagittal T1- (E) and T2-weighted (F) images.

Fig. 3 Intraoperative photograph reveals the expanded diploe re-
sembling a normal cancellous bone.
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The postoperative course was uneventful, and the patient
was discharged 3 days after the operation. No sign of recur-
rence was observed in the follow-up after 1 year.

Discussion

To date, 18 cases of solitary IOLs involving the calvaria and
cranial base have been reported in the literature.5–21 Twelve
cases, including our case, evolved from the calvaria, whereas
seven cases evolved from the cranial base. Themedian ages of
onset and diagnosiswere 3 and 26.5 in calvarial IOLs and 37.5
each in IOLs of the cranial base; the calvarial cases were
observed at a younger age. The most remarkable difference
was that only four cases of calvaria showed calcification,
while all cases of the cranial base, except for one indeter-
minable case, showed calcification (33 vs. 100%, Fisher’s
exact test, p¼0.013; ►Table 1). Also, among the calvarial

IOLs, the median age of diagnosis in noncalcified cases was
significantly lower than that of the calcified cases (16 vs. 63,
Mann–Whitney U test, p¼0.008; ►Table 2). In brief, IOLs of
the calvaria are observed at a younger age and are less
calcified than those of the cranial base; among the calvarial
IOLs, younger patients are likely to present without
calcification.

The natural history of IOL has been controversial. In the
largest case series of IOL, Milgram proposed a three-tier
staging system based on his hypothesis that the tumor
undergoes involutional changes over time resulting in vari-
ous radiopathological findings.14 This theorywas questioned
by Campbell et al, who argued that their cases of stages 2 and
3were not dominantly observed in older patients and did not

Fig. 4 Microscopic image of the lesion, which consists of mature adipose tissue and trabeculae of lamellar bone resembling a normal fatty
marrow (A). Intertrabecular adipose tissue seems monotonous and lacks hematopoietic elements (B). The area that is regarded as a preexisting
marrow (C) contains hematopoietic elements (D).

Table 1 Number of intraosseous lipoma of the calvaria and the
cranial base

Calcified Noncalcified

Calvaria 4 8

Cranial base 7 0

Note: Fisher’s exact test, p¼ 0.013.

Table 2 Details of the calvarial intraosseous lipoma

Calcified Noncalcified

Number of cases
(male:female)

4 (2:2) 8 (3:5)

Median age of onset (range) 17 (16–18) 1 (0–36)

Median age of diagnosis
(range)a

63 (50–67) 16 (3–36)

aMann–Whitney U test, p¼ 0.008.
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retain the features of the stage 1 lesion.3 However, our
literature review showed that calcification is more common
in older patients among calvarial cases, and it does not
contradict Milgram’s hypothesis.

According to Chow and Lee, IOL originates from adipocyte
proliferation, replacing the preexisting marrow and causing
intramedullary pressure within the limited space. This pres-
sure induces the atrophy of the bony trabeculae and other
histological changes secondary to capillary occlusion.1 Since
our case presented without atrophic bony trabeculae and
other secondary changes, we consider that it corresponds to
the earliest stage of IOL.

Early-stage IOL poses a challenge to both radiological and
pathological diagnoses. Rosenbloom and Osborne reported a
purely lytic cranial IOL without calcification and suggested
the limitation of radiography and CT due to a large number of
differential diagnoses.16 Indeed, the differential diagnosis in
our case included dermoid cyst, epidermoid cyst, fibrous
dysplasia, ossifyingfibroma, and cavernous hemangioma but
not IOL. Regarding the histology, atrophy of bony trabeculae
is reported to be a diagnostic finding in early-stage IOL.1

However, our case did not present atrophic bony trabeculae,
and the histology was almost indistinguishable from a
normal fatty marrow.

The final diagnosis was made by recognizing the monoto-
nous appearance of the intertrabecular adipose tissue, the
paucity of hematopoietic elements, and its transition to a
preexisting marrow. These findings were regarded altogether
as the absence of hematopoietic elements by Eyzaguirre et al as
one of the various histological findings discovered in IOL.7

However, our case is the first case in which the diagnosis
was hinted only by the absence of hematopoietic elements. The
casehighlights thediagnosticvalueof thisfinding, especially in
early-stage IOL, where a radiological diagnosis can be difficult.

Conclusion

We reporteda caseofcalvarial IOL in theearly stagepresenting
only an expansion of the diploe without conventional radio-
pathological features. The literature review illustrated that
calvarial IOLs are discovered in young patients and rarely
display calcification, indicating thatmost cases are in the early
stage. Therefore, IOL should be included in the differential
diagnosis in a young patient with an expanded calvarial diploe
even ifcalcification is absent. Suchcases resemblenormal fatty
marrowhistologically, but recognizing the absence of hemato-
poietic elements aids the diagnosis.
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