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BACKGROUND Primary intraosseous meningiomas (PIMs) are rare, and PIMs of the vertebrae have not yet been reported. The authors report a case
of primary meningioma arising from the vertebrae.

OBSERVATIONS A 49-year-old man presented with lower back pain and numbness in both lower extremities. Lumbar spine magnetic resonance
imaging revealed an L2 pathological fracture with epidural and paraspinal invasion. The patient had undergone a first palliative decompression and
fixation surgery, and the diagnosis turned out to be a World Health Organization grade III anaplastic meningioma based on histopathology. The tumor
had progressed after first operation and radiation therapy, and the patient was referred to the authors’ institute for excision. The patient had an
uneventful postoperative course after a revisional total en bloc spondylectomy of L2.

LESSONS The authors present a rare case of PIM of the vertebrae with epidural and paraspinal invasion. Careful preoperative assessment and
surgical planning is crucial for successful patient management.

https://thejns.org/doi/abs/10.3171/CASE21362
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Meningiomas are the most common primary intracranial tumors
and comprise approximately 35% of all primary central nervous sys-
tem tumors.1,2 Most meningiomas develop intracranially. In rare
cases, they can develop extracranially; however, such cases
account for less than 2% of all meningiomas.3–5 This type of menin-
gioma is called primary extradural meningioma (PEM), and it can
occur in several locations, such as the skull, skin, paranasal
sinuses, orbit, temporal fossa, and oral cavity.3,4,6,7 Meningiomas
can also metastasize to skull, bone, or spine from a primary intra-
cranial origin,2,3,8,9 or they can develop as a primary intraosseous
meningioma (PIM) in bone. PIMs are a subset of PEMs and are
defined as meningiomas having the largest tumor contained within
the calvaria and having no or only minimal dural involvement.10–12

To date, none of the literature has reported on cases of intraoss-
eous meningiomas present in only the vertebrae without evidence
of metastasis from other sites. We report a rare case of a PIM
located at the L2 vertebrae, and the lesion was consistent with a

World Health Organization (WHO) grade III anaplastic meningioma
based on the histopathology results.

Illustrative Case
A 49-year-old man, without a medical history of cancer or

trauma, presented with low back pain and numbness in both lower
extremities starting 9 months prior to admission. On neurological
examination, he had hypesthesia to light touch bilaterally along the
L2–3 dermatomes. His muscle power was a 5 of 5 in all extremities,
and his muscle stretch reflexes were normoreflexic bilaterally. Deep
anal pressure was present. Spine magnetic resonance imaging
(MRI) performed at another facility revealed a pathological fracture
of L2, with the L2 vertebral body mass measuring 5.3 cm in diame-
ter, bilateral psoas muscle invasion, and tumor extension into the
epidural space between the lower of L1 to upper L3. The gadolin-
ium-enhanced MRI sequence revealed a heterogeneous enhance-
ment (Fig. 1). The tumor caused an indentation of the thecal sac
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with compression of the cauda equina. With a tentative diagnosis of
an L2 metastasis, the patient had first undergone palliative decom-
pression and posterior fixation surgery on November 4, 2020 at a
different facility. Histopathology turned out to be an anaplastic
meningioma. An MRI of the brain was obtained after the operation
due to the concern for metastasis from the intracranial region; how-
ever, it did not reveal tumors in the brain or cranium. His lower
back pain and numbness in the lower extremities resolved after the
operation. Following first palliative decompression surgery, the
patient received a total dose of 50 Gy in 25 fractions using volumet-
ric modulated arc therapy delivered to the residual tumor over para-
spinal region. However, his back pain and numbness in the both
lower extremities returned in February 2021. The subsequent spinal
MRI at the end of February revealed an enlarged L2 residual tumor
with thecal sac compression and psoas muscle invasion (Fig. 2).
He was referred to our hospital for excision. Due to the concern for
the possibility of a diagnosis other than meningioma, which rarely
presents as a primary tumor in the vertebrae, he had repeated
computed tomography (CT)-guided biopsy. The pathology result

came back as meningioma. Lumbar spine dual-energy CT for tumor
vascularity showed a major blood supply from the right L2 radicular
artery with mild arteriovenous shunting inside the tumor.13 A whole-
body positron emission tomography scan showed no other metasta-
sis. Transarterial embolization had been performed 1 day before
the scheduled operation. He received a revisional total en bloc
spondylectomy of L2 via a combined posterior–anterior approach.
The length of the operation was 505 minutes, and the total esti-
mated blood loss was 2200 mL. A postoperative lumbar radio-
graphs and spinal MRI revealed complete removal of the tumor and
adequate implant position (Figs. 3 and 4). The tumor was confirmed
as a WHO grade III anaplastic meningioma based on histopathol-
ogy, and the resected margin near the right psoas muscle was
involved (Fig. 5). The patient had fair ambulation and less back
pain and numbness in the bilateral lower extremities after the exci-
sion. He will undergo a total dose of 25 Gy in 5 fractions radiother-
apy delivered to the right L1–2 paraspinal region due to the
involved margin in the pathology report.

Discussion
Observations

In the past, the nomenclature for meningioma arising outside of
the intracranial compartment varied across studies. Ectopic, hetero-
topic, extracalvarial, calvarial, or extracranial meningiomas are
terms that have been used to describe meningiomas in these
regions.4,7,14 Recently, the nomenclature “primary extradural menin-
gioma” was used to describe primary meningiomas arising outside
the intracranial compartment.4 PEMs can occur in multiple loca-
tions, such as in the skull, skin, paranasal sinuses, orbit, temporal
fossa, and oral cavity and, in rare cases, it can occur in the lung,
mediastinum, adrenal gland, and finger.3,4,6,7 It has been classified
as purely extracalvarial (type I), purely calvarial (type II), or calvarial
with extracalvarial extension (type III).4 PIM is defined as a

FIG. 1. Spine MRI before the first operation. Left: Gadolinium-
enhanced T1-weighted sagittal image showed a pathological fracture of
L2 with soft tissue mass 5.3 cm in diameter. Right: Gadolinium-
enhanced T1-weighted axial image revealed L2 tumor with bilateral
psoas muscle invasion and epidural extension.

FIG. 2. Spine MRI 4 months after the first palliative decompression sur-
gery. Left: Gadolinium-enhanced T1-weighted sagittal image revealed
an enlarged residual tumor. Right: Gadolinium-enhanced T1-weighted
axial image revealed an enlarged tumor with more extensive bilateral
psoas muscle invasion.

FIG. 3. Left and right: Spine radiographs after excision showed the
instrumentation, reconstruction, and embolization coils.
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meningioma, with the largest tumor contained within the calvaria
with no or only minimal dural involvement.10–12 Although the original
paper that proposed the classification system for PEM considered
PIM a different entity from PEM based on the sex predilection, age
distribution, and tendency for malignancy, some considered PIM as
a subset of PEM based on the anatomical considerations.3,6,8,14–17

By definition, PIMs arise from the bone, particularly the calvaria,
and the sphenoid bone and frontal bone are the most common
locations, followed by the parietal bone, temporal bone, orbit, and
other regions.3,11,12 There have been a few reports in recent deca-
des of intraosseous meningiomas arising from the vertebrae
where meningiomas had metastasized to the vertebrae from their
intracranial origin; therefore, these tumors cannot be categorized
into “primary” intraosseous meningiomas.2,3 To date, only 1 article
has reported on a rare case of concurrent meningiomas arising in
the lung and vertebra without any evidence of tumors present in
the head and neck regions.8 The authors considered the lung as
most likely the primary origin of the meningioma rather than the
vertebral bone because no cases of PIM outside the head and
neck region had been previously reported. Herein, we present a
rare case of PIM of the vertebra, which has not been described
previously.

The majority of PIMs are of osteoblastic origin and have the typi-
cal findings of hyperostosis; however, some have radiographic evi-
dence of osteolytic changes.3,6,12,14,17 The differential diagnosis of
osteolytic lesions in vertebrae includes metastasis, primary bone
tumors, multiple myeloma, Langerhans cell histiocytosis, or osteo-
myelitis. Biopsy is indicated to differentiate between the osteolytic
lesions because most primary bone tumors necessitate wide excisions

to achieve better clinical outcomes. The case presented here had
palliative decompression and fixation surgery at another hospital
and had rapid progression of the tumor after that operation. This
highlights the importance of appropriate surgical management. We
performed a second biopsy on the lesion to confirm the diagnosis
and then arranged an imaging study to confirm that the vertebra
was the primary site of the disease. We then performed surgery,
and the patient had a tumor resection with wide surgical margins
in accordance with standard oncological principles to achieve
Enneking-appropriate margin; otherwise, we called the surgery
Enneking-inappropriate.18 The final pathology report came back
as a WHO grade III anaplastic meningioma. This is compatible
with a previous study showing that PEMs are prone to the devel-
opment of malignancy.3,4,6,14–16,19 Thus, maximum tumor resec-
tions that can be done safely and adjuvant radiotherapy are
necessary in the management of these patients.

There are several proposed mechanisms for the development of
PEM, including the presence of arachnoid cap cells trapped in the
cranial sutures during birth, fractures that develop after traumatic
events, or the development from multipotent mesenchymal cells
that are capable of meningothelial differentiation.4,6,15 The latter
could explain the development of intraosseous meningiomas located
far from the head and neck and could explain how vertebrae could
become primary sites of intraosseous meningioma.

FIG. 4. Spine MRI 1 week after excision. Sagittal and axial T2-weighted
images (A and B) and sagittal and axial gadolinium-enhanced T1-
weighted images (C and D) show no residual tumor radiologically.

FIG. 5. A and B: Hematoxylin and eosin staining of tumor showed
some foci of spindle tumor cells with significant nuclear pleomorphism,
increased nucleocytoplasmic ratio, and prominent nucleoli. C and D:
Tumor cells stained positive for SSTR2a and E-cadherin. E: The Ki-67
cell proliferation index was approximately 15–20%. F: Tumor cells
focally stained positive for D2–40. Original magnifications�100 (A)
and�400 (B–F).
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Lessons
The importance of adequate preoperative evaluation and appro-

priate surgical management for those patients with uncertain nature
of spine lesion cannot be overemphasized. Every solitary spine
tumor in patients without other extraspinal lesions should first be
managed as a primary malignant bone tumor. Preoperative biopsy
and detailed imaging study are needed to differentiate primary spine
lesion from metastatic lesion. Oncological principle with en bloc
resection is mandatory in the management of a patient with primary
spine lesion. We performed revisional excision after an Enneking-
inappropriate surgery for a rare case of PIM at the spine. The path-
ologic diagnosis was a WHO grade III anaplastic meningioma.
Careful preoperative assessment and surgical planning is crucial for
successful patient management, especially for those whose diagno-
sis of primary bone tumors is suspected.
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