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a b s t r a c t 

Metaplastic meningioma is a rare World Health Organization Grade I meningioma subtype, 

accounting for 0.2%-1.6% of all meningiomas. Primary extradural meningiomas represent 

less than 2% of all meningiomas, with intraosseous meningioma as a subtype of primary 

extradural meningiomas. Herein, we report the case of a 65-year-old male presenting with 

headache. His computed tomography scans showed an osteolytic left parietal bone mass, 

and magnetic resonance imaging revealed hyperintense dots in the mass on T1-weighted 

images. The mass was then resected and diagnosed on histopathological examination as 

an intraosseous metaplastic meningioma. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Metaplastic meningioma is defined as the presence of focal
or widespread mesenchymal components, including osseous,
cartilaginous, lipomatous, myxoid, or xanthomatous tissue,
singly or in combination. Intraosseous meningioma (IOM) is a
subtype of primary extradural meningioma (PEM). Herein, we
report a case of intraosseous metaplastic meningioma from
both radiological and histopathological points of view. To date
and to the best of our knowledge, this is the second report of
intraosseous metaplastic meningioma in literature. 
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Case report 

A 65-year-old male with a history of headaches for a few
months was referred to our neurosurgery department due to
a cranial mass, which was revealed by magnetic resonance
imaging (MRI) performed during a previous headache workup.
Although previous cranial MRIs had also been taken 4 years
prior due to other reasons, there was allegedly no significant
change in the lesion’s size or appearance between the 2
examinations. The patient’s medical history included hyper-
tension, diabetes mellitus, and bronchial asthma, all of which
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Fig. 1 – Head computed tomography of a 65-year-old male 
presenting with headache. Axial (A, B) and coronal (C) 
images show a 19-mm-long, well-defined, left parietal bone 
mass near the squamosal suture. The main part of the 
mass is located in a diploic space, and the trabeculae are 
sparse but well preserved. There is also a mild bony bulge, 
although there are no tears in the inner or outer plates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

were under medical control. He had no history of malignancy.
In addition to mild headache, the patient had no significant
neurological abnormalities. There was no visible skull bulge,
and a laboratory examination revealed no abnormal readings.

Computed tomography (CT) showed a 19-mm-long, well-
defined, left parietal bone mass near the squamosal suture
( Fig. 1 ). The main part of the mass was located in a diploic
space, and the trabeculae were sparse but well preserved.
There was also a mild bony bulge, although there were no
tears in the inner or outer plates. MRI performed at our hospi-
tal showed an isointense mass relative to the muscles, which
included internal hyperintense dots on T1-weighted images
(T1WI) ( Fig. 2 A). Meanwhile, the mass had heterogeneous in-
tensity on T2-weighted images ( Fig. 2 B), also showing re-
stricted diffusion ( Fig. 2 C and D). Due to a history of asthma,
contrast-enhanced MRI was not performed. The hyperintense
dots on T1WI were thought to be bone marrow fat, and thus
we thought that the mass did not destroy the pre-existing
structures, such as the bone trabeculae and bone marrow fat.
This finding led to the differential diagnosis of osseous he-
mangioma (venous malformation), hyperplastic bone marrow
(red marrow), IOM, Paget disease of bone, and metastatic bone
tumor (particularly, intertrabecular type). The mass was sus-
pected to be benign, because there was no increase in size for
4 years and there was no history of malignancy. However, the
mass was still resected as per the patient’s request. 

A histopathological examination was then performed af-
ter decalcification using Plank-Rychlo fluid, revealing tumor
Fig. 2 – Magnetic resonance images of the mass. Axial T1-weight
muscles and includes internal hyperintense dots. Axial T2-weig
diffusion-weighted image (C) and the corresponding apparent di
growth in the intertrabecular space and whorl patterns of
spindle-shaped cells ( Fig. 3 A and B). Moreover, the tumor was
marked with ossification and lipomatous tissue inclusions,
which were different from the pre-existing bone trabeculae
and bone marrow fat. Immunohistochemistry showed that
the tumor cells expressed epithelial membrane antigen (EMA)
( Fig. 3 C) and progesterone receptor ( Fig. 3 D), but they were neg-
ative for MIB-1 (Ki-67). Given these findings, the final diagnosis
was intraosseous metaplastic meningioma (World Health Or-
ganization [WHO] Grade I). 

Discussion 

Meningiomas are classified into 15 histological subtypes ac-
cording to the 2016 WHO classification of tumors of the
central nervous system. Specifically, 9 types (meningothe-
lial, fibrous, transitional, psammomatous, angiomatous, mi-
crocystic, secretory, lymphoplasmacyte-rich, and metaplastic
meningiomas) are classified as WHO Grade I, 3 types (chor-
doid, clear cell, and atypical meningiomas) as WHO Grade II,
and the remaining 3 types (papillary, rhabdoid, and anaplastic
meningiomas) as WHO Grade III. Of these 15 subtypes, the 3
most common types are meningothelial, fibrous, and transi-
tional meningiomas. In contrast, metaplastic meningioma is
a rare subtype, accounting for 0.2%-1.6% of all meningiomas
[1–4] , with a low post-surgical recurrence rate and good prog-
nosis [5] . Metaplastic meningioma is defined as the presence
of focal or widespread mesenchymal components, includ-
ing osseous, cartilaginous, lipomatous, myxoid, or xanthoma-
tous tissue, singly or in combination. To delineate from other
subtypes, metaplastic meningioma containing osseous tissue
refers only to meningiomas, including tumor cells or peritu-
moral stromal cells that have transformed into osteoblasts
with subsequent bone formation, and is distinguished from
other meningiomas including ossification, which is the final
stage of psammomatous calcification [6] . Furthermore, meta-
plastic meningiomas containing lipomatous tissue are not
truly “metaplastic,” but rather an accumulation of fat in the
tumor cells since these cells express the EMA [7] . The imag-
ing characteristics of metaplastic meningiomas also vary de-
pending on their mesenchymal components [8] . Metaplastic
meningiomas containing osseous tissues show areas of bone
density on CT, whereas in those containing lipomatous tissues
show areas of low density on CT and high intensity on T1WI. 
ed image (A) shows the mass is isointense relative to 

hted image (B) shows heterogeneous intensity. Axial 
ffusion coefficient map (D) show diffusion restriction. 
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Fig. 3 – Histopathological examination of the mass reveals tumor growth in the intertrabecular space and whorl patterns of 
spindle-shaped cells (hematoxylin-eosin stain, original magnification, ×4 [A] and ×20 [B]). The tumor is marked with 

ossification (arrow) and lipomatous tissue (dashed arrow) inclusions, which are different from the pre-existing bone 
trabeculae and bone marrow fat. Immunohistochemistry shows that the tumor cells express epithelial membrane antigen 

(C) and progesterone receptor (D), but they are negative for MIB-1 (not shown here). Given these findings, the final diagnosis 
is intraosseous metaplastic meningioma (World Health Organization Grade I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Meningiomas can be divided into primary intradural
meningiomas (PIMs) and PEMs, depending on the site of origin.
Particularly, the frequency of PEM is noted to be 0.04%-1.6%
of all meningiomas [2 ,9] , and this subtype occurs in various
organs, such as the calvaria, scalp, orbit, paranasal sinuses,
nasopharynx, neck, skin, lung, mediastinum, adrenal gland,
paraspinal region, and finger [9] . 

IOM is a subtype of PEM, generally defined as meningioma
which is mainly located in the skull, either infiltrating the dura
mater or not [9–11] . Of note, “en plaque meningioma,” which
grows along with the dura mater and invades somewhat into
the skull without making a conspicuous intracranial mass, is
not called IOM [11] . Some authors say that IOM arises from
arachnoid cells that are trapped in the cranial sutures at
the time of birth or at traumatic fracture sites [12] , while
others say that it arises from mesenchymal stem cells [13] .
Calvarial meningiomas have been reported to be associated
with cranial sutures in many cases, but the frequency of this
association varies from 8% to 60% [9 ,14] . PEM and PIM are also
found to occur predominantly during later decades of life, but
PEM has a second peak incidence in the second decade [9 ,10] .
Regarding sex predilection, it has been reported that IOM is
more common in women [15] , but some say that there is little
difference between each sex in terms of frequency [9] . Regard-
ing histology, approximately 11%-26% of IOMs have atypical or
malignant features [9 ,16] . In imaging of IOMs, CT scans often
show osteosclerotic lesions, which are frequently associated
with spiculated borders [17] , and MRI shows signals that are
similar to that of a PIM, depending on the histological type. 

The mass in the present case was pathologically confirmed
as IOM with osseous and lipomatous tissue. Moreover, there
was ossification in the tumor that seemed to be different
from the pre-existing bone trabeculae, without evidence of a
transition from the psammoma body to the bone. Therefore,
it was thought that the tumor or stromal cells surrounding
the tumor had transformed into osteoblasts, leading to bone
formation. In addition, there was fat in the tumor that seemed
to be different from the pre-existing parietal bone marrow fat.
Thus, it was thought that the tumor cells accumulated fat,
although the EMA expression of fat-containing cells was un-
clear due to the difficulty in evaluating the immunostaining
of specimens decalcified by Plank-Rychlo fluid. Given all these
histopathological and immunostaining findings, a diagnosis
of metaplastic meningioma with osseous and lipomatous tis-
sue was made. To date and to the best of our knowledge, this
is the second report of intraosseous metaplastic meningioma
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in literature [18] . This rarity may be due to the difficulty in
interpreting ossification and fat in the bone and the fact that
its definition is vague. In addition, because most intraosseous
metaplastic meningiomas have benign features, there are
probably many cases in which the tumor was not resected,
and the patient was observed without a definitive diagnosis. 

In our case, CT showed a bony density area, and MRI
showed internal hyperintense dots on T1WI. We initially be-
lieved that the hyperdensity and hyperintensity represented
preserved bony trabeculae and bone marrow fat, respectively,
although we could not determine whether the process was
benign (such as IOM or osseous hemangioma) or malignant
(such as intertrabecular metastasis). However, histopatholog-
ical examination revealed not only pre-existing bone trabec-
ulae and bone marrow fat, but also osseous and lipomatous
components of metaplastic meningioma. Therefore, we were
able to correlate that the hyperdensity represented preserved
bony trabeculae and the osseous component of metaplas-
tic meningioma, whereas the hyperintensity represented pre-
served bone marrow fat and the lipomatous component. Un-
fortunately, it was impossible to identify these correlations
preoperatively using radiological imaging alone. 

Considering the differential diagnoses on imaging, hyper-
plastic bone marrow is not consistent with osteolytic changes
on CT, and Paget disease of bone is atypical in presentation
given that our case presents with a single lesion with little
change over time. On the contrary, osseous hemangiomas are
typically characterized by cavernous and dilated blood vessels
with a high signal on T2-weighted images and a "sunburst”ap-
pearance of residual trabecular thickening [19] , possibly con-
taining fatty components in the trabecular space and present
images similar to the present case; thus, in the present case,
it would have been difficult to exclude osseous hemangioma.

Conclusion 

In the present study, we experienced a case of intraosseous
metaplastic meningioma, a rare subtype of meningioma aris-
ing from a rare site. Meningiomas can present a variety of
imaging findings depending on the histological subtype, espe-
cially in cases of metaplastic meningiomas, which can contain
various components, such as bone, fat, and cartilage. Thus,
when presented with a cranial mass, intraosseous metaplastic
meningioma could be considered in the differential diagnosis.

Patient consent 

The personal details of the patient are all removed from this
article. There is no ethical problem to be declared. 
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