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Abstract
Most meningiomas grow intracranially, and primary intraosseous meningioma is rarely reported. We 
present two rare surgical cases of giant intraosseous meningothelial meningioma. The first patient 
was a 35‑year‑old male with parietal skull deformity without neurological symptoms. Total resection 
was successful. The origin was the parasagittal intraosseous layer, and the superior sagittal sinus was 
partially opened. The second patient was a 20‑year‑old female with a slightly upward protrusion of 
the frontal skull without pain or neurological deficits. The lesion was totally resected, and the origin 
was the parasagittal intraosseous layer invading into the dura matter and subcutaneous layer. The 
clinical management of these cases presented a surgical challenge because of detachment and repair 
from venous sinuses. The current report provides surgical tips for such rare diseases and is a good 
reference for the future treatment of similar diseases.
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Introduction
Meningioma is the most common 
intracranial tumor and accounts for 15%–
20% of all intracranial neoplasms.[1,2] Skull 
hyper‑ostosis associated with intradural 
meningioma is a well‑known sign and 
is observed in 4.5% of all types,[3] but it 
is more frequently observed in primary 
intraosseous meningioma  (PIOM), 
with an incidence of 60%.[4] “PIOM” 
is a subset of extradural meningioma 
that develops in bone[5] and represents 
approximately two‑thirds of all extradural 
meningiomas, accounting for 1%–2% 
of all meningiomas.[6] As such, PIOM is 
rare.[7] We report two surgical cases of giant 
intraosseous meningioma with a review of 
the literature.

Case Reports
Case 1

A 35‑year‑old male with no medical history 
was introduced to our department because 
of head deformation without neurological 
symptoms. The parietooccipital skull 
swelling deformity had a maximum diameter 
of 7 cm and consisted of a hard, elastic, 
and painless growing mass. Neurological 

examination and laboratory testing revealed 
no abnormalities. Skull X‑ray revealed 
the wide extent of the osteoblastic mass 
in the parieto‑occipital skull  [Figure  1a]. 
On gadolinium  (Gd)‑enhanced magnetic 
resonance imaging  (MRI), a large 
homogeneous enhanced tumor in the 
subcutaneous and intraosseous portions, 
and a small enhanced tumor in the 
subdural parasagittal portion were 
observed  [Figure  1b and c]. In addition, 
digital subtraction angiography revealed 
that the bilateral superficial temporal artery 
and occipital artery were the major sources 
of blood supply to the subcutaneous and 
intraosseous portions, and the parasagittal 
tumor was supplied from the right middle 
meningeal artery.

We first planned biopsy to exclude 
malignancy. Biopsy of the subcutaneous 
and intraosseous tumor revealed a benign 
meningothelial meningioma. As there was 
no neurological deficit, 5 months after 
the biopsy, elective tumor resection was 
performed. To maintain normal perfusion of 
the scalp, preoperative embolization for the 
main feeding artery, the superficial temporal 
artery, was impossible. We prepared 
autotransfusion for major hemorrhage 
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during resection. After peeling the skin flap back with a 
coronary skin incision, a thick subcutaneous tumor mass 
was observed and dissected from the bony tumor mass. 
A  subcutaneous, parasagittal intraosseous layer was the 
origin, and it extended into the subcutaneous lesion serially. 
Macroscopically, the inner skull plate was intact, and the 
dural infiltrated lesion was readily dissected. There were no 
continuousness intracravial or subdural lesions. However, 
the subdural tumor was attached to the parasagittal 
area, thus we diagnosed him with multiple meningioma. 
The extended lesion was excised, and cranioplasty 
was performed using a titanium sheet  [Figure  1d]. The 
intraosseous and parasagittal tumor was almost completely 
removed  [Figure  1e and f]. Pathology of both extracranial 
and intracranial tumor lesions revealed meningothelial 
meningioma, and there was no malignancy based on the 
MIB‑1 staining index.(This monoclonal antibody enables 
the detection of Ki‑67 in proliferating cell populations 
in routine paraffin sections.) No recurrence was noted 
10  years after the surgery. We've obtained his consent for 
this report

Case 2

A 20‑year‑old woman with a giant convexity meningioma 
was introduced to our hospital. At the age of 17 years, the 
meningioma was incidentally noted after examination of the 
left lower limb. She visited a local hospital because of slow 
aggravation of chronic headache, vomiting, and somnolence. 
Consciousness improved after the administration of steroids 
and glycerol, and she was transferred to our department for 

surgery. The frontal calvaria were irregularly thickened on 
computed tomography. Gd‑enhanced MRI on admission 
revealed a giant homogeneous enhanced tumor within the 
frontal calvaria associated with extracranial and intradural 
extensions  [Figure  2a]. The superior sagittal sinus  (SSS) 
was invaded but not completely occluded. Collateral 
circulation developed through bridging veins around the 
tumor  [Figure  2b]. To reduce blood loss, we decided to 
preserve the tumor around the SSS. Hyper‑osteosis from 
the intraosseous lesion was considered compressive and 
symptomatic because high intracranial pressure may cause 
neurological symptoms.

Staged surgical resection and cranioplasty were planned. 
The skin flap was turned forward after a coronal skin 
incision, and the subcutaneous tumor lesion was dissected 
from the serial bony lesion  [Figure  3a and b]. Cutting 
into some pieces of the cranium was difficult because of 
marked thickness; therefore, burr holes were placed in 
normal cranium, and we divided the abnormal cranium 
and subdural lesion. During this procedure, approximately 
2.1 L of blood was lost from the SSS, necessitating blood 
transfusion. The origin of the tumor was the parasagittal 
intraosseous layer and the tumor extended intra‑durally 
with localized occlusion of the SSS [Figure 3c and d]. Pial 
tumor invasion was also observed in the cortical surface. 
A  large amount of tumor tissue was dissected from the 
cortical surface and the dural‑extending lesion was resected. 
Dissecting the hyper‑osteotic skull from the dura matter 
was difficult because the working angle for the dissecting 
plane was limited and because of serial invasion from the 

Figure 1: Preoperative images in Case 1. X‑ray (a) showed the wide extent of osteoblastic lesions. Gadolinium‑enhanced magnetic resonance imaging 
showed homogeneously enhanced regions of subcutaneous and parasagittal tumors  (b and c). Postoperative images in Case 1. X‑ray  (d) showed 
cranioplasty with titanium mesh following the resection of the lesions. Gadolinium‑enhanced magnetic resonance imaging demonstrated subtotal 
resection of the lesion (e and f)
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intraosseous to cortical surface. The frontal cortical surface 
was damaged. To preserve the SSS, the tumor removed was 
classified as Simpson grade 3  [Figure  4a]. Hydrocephalus 
and subcutaneous cerebrospinal fluid  (CSF) collection 
developed as complications and were managed under 
external drainage. A  lumbar abdominal shunt was placed 
and subcutaneous CSF collection improved. On pathology, 
intertrabecular spaces were infiltrated by the meningothelial 
meningioma, and the intracranial tumor lesion had the 
same features and contained trabecular tissue. MIB‑1 
staining was negative in the intracranial tumor and 
extracranial tumor  (1% and 2%–3%, respectively). The 
patient was transferred for rehabilitation. Seven months 
after tumor resection, rehabilitation was completed and 
joint cranioplasty with plastic surgery was planned. Due 
to the extensive skull defect, we decided to use a titanium 
plate  [Figure  3e]. The temporal posterior periosteal 
flap, which was continuous from the bilateral temporal 
periosteal flap, was lifted and sutured to lie below the 
skin incision such that the titanium plate was not directly 
exposed. The surgery was completed after the placement of 
a subcutaneous drain [Figure 4b and c]. No recurrence was 
noted 1  year after the surgery. We've obtained her consent 
for this report

Discussion
Extradural meningioma originating from subcutaneous 
skull bone and nasopharynx accounts for 1%–2% of 
all meningioma.[8,9] PIOM is a rare type of meningioma 
originating from the calvarium and accounts for 60% of 
extradural meningioma.[9] PIOM has a bimodal frequency 
at 20  years and 50–70  years of age and is more prevalent 
in women.[10]

Marwah et  al.[11] termed meningioma developing in the 
skull as PIOM and the diagnostic criteria include the 

following conditions:  (i) the histological features of 
meningioma;  (ii) lesions located in the epidural region 
or skull; and  (iii) no involvement of the brain tissue, 
arachnoid, or dura. On the other hand, previous reports 
demonstrated that primary extradural meningioma  (PEM) 
can exhibit intracranial growth involving the dura mater. 
Bassiouni et  al.[12] suggested that 14 of 16  (88%) PEM 
patients who underwent surgery had true dural involvement, 
which was confirmed pathologically. On the other hand, en 
plaque meningioma is associated with a higher incidence of 
hyperostosis between 13% and 49%.[3] The origin in our two 
cases is unclear. Some authors stated that localization of the 
main tumor mass within the skull enables the determination 
of the site of origin of the tumor and designation of PIOM 
or PEM, even in the presence of dural invasion.[13] JH 
Yun and SK Lee suggested that PIOM more often forms 
a broader base in the calvarium than in the dura, whereas 
tumors of meningeal origin, including meningioma, have a 
broader base in the dura than in the calvarium[14] Both of 
our cases had a broader base in the calvarium than in the 
dura, which is why we diagnosed them as PIOM.

There are many different hypotheses regarding the 
origin of PEM. A  frequent site of PIOM is around 
the calvarial suture adjacent to the ocular region and 
coronal suture.[4] Mechanisms for its development have 
been reported as follows: Meningeal cells originate 
from mesenchymal cells, which directly originate from 

Figure 2: Preoperative images in Case 2. Gadolinium‑enhanced magnetic 
resonance imaging showed a giant homogeneous enhanced tumor with 
intracranial, calvarial, and extracranial extensions and thickened calvaria 
with hyper‑osteosis  (a). Three‑dimensional reconstruction images of 
computed tomography showed the superior sagittal sinus passing through 
the tumor, being partially occluded  (b; green area: Tumor mass; blue 
vessels: Veins; red vessels: Arteries)

a b

Figure 3: Intraoperative images in Case 2 during tumor resection showing 
the head deformation and coronary incision (a). After flap rotation, the tumor 
was revealed (b). Tumorized calvaria were noted after resection (c and d). 
Tenting of the artificial dura to a titanium plate and covering of the plate 
with the bilateral periosteal flap during cranioplasty (e)
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multipotent differentiating cells, such as fibroblast cells 
and Schwann cells, and differentiation occurs in many 
regions.[15] Meningocytes or arachnoid cap cells exist in 
vessels and the nervous system, migrate to other regions, 
and proliferate.[16] Arachnoid cap cells become trapped 
inside the fracture line or skull suture line and increase.[17] 
Arachnoid cells migrate and increase inside the skull suture 
during osteoplasia at birth.[18]

Intraosseous meningioma can be classified radiologically 
into an osteolytic type or an osteoblastic type.[19] The 
osteoblastic type is dominant, but intradural meningioma and 
the osteolytic type account for 20% of cases.[17] Crawford 
et  al.[4] reported that the osteoblastic subtype accounts 
for 59% of these meningiomas, whereas 32% exhibited 
osteolytic changes, and 6% had mixed features of both 
osteolysis and hyperostosis. The osteoblastic type has 
similar radiological findings to osteoma, osteosarcoma, 
Paget disease, and fibrous dysplasia.[20] The osteolytic type 
has a referential diagnosis of hemangioma, chondroma, 
chondrosarcoma, dermoid, epidermoid tumors, multiple 
myeloma, plasmacytoma, giant cell tumors, aneurismal bone 
cysts, eosinophilic granuloma, and metastatic tumors.[4,10,17,21] 
The osteolytic type is more malignant than the osteoblastic 
type.[7] Only a few previous studies reported PIOM with 
pial invasion. Kudo et  al.[21] reported osteolytic PIOM 
with a dural defect that invaded the underlying arachnoid 
membrane and the wall of a large cortical vein. Lee et al.[22] 
reported osteolytic PIOM that invaded the underlying brain 
parenchyma when it recurred 2 years after the first resection. 
Both cases had the osteolytic features not observed in our 
Case 2, which had osteoblastic features. We reported the first 
case of osteoblastic PIOM with pial invasion. PIOM is rare 

and giant PIOM is markedly rare. Therefore, the long‑term 
prognosis of untreated osteoblastic PIOM remains unclear.

The pathology of intraosseous meningioma is 
meningothelial type in 63%, transitional type in 25%, 
and malignant meningioma in only 0.2% of cases.[23] 
Recurrence was noted in 22% of the previously reported 
cases of benign PEM.[9] Arana et  al.[13] reported five cases 
of recurrence  (36%) within 6 months to 4  years after 
surgery in 14  patients in their series. Both of our cases 
were benign on pathology. Case 1 had no recurrence, 
but frequent follow‑up to prevent recurrence should be 
performed in Case 2.

Wide surgical excision of intraosseous meningioma is the 
treatment of choice and is potentially curative if possible.[4] 
There was partial invasion of the intraosseous tumor lesion 
into the dura matter, and the tumor was adjacent to the SSS 
without direct invasion into the SSS in Case 2. The dural 
invasive lesion extended to the intradural parasagittal lesion 
and attached to the frontal cortex. Although detachment and 
hemostasis were predicted to be difficult during dissection 
between the cranium and dura matter, the dural surface 
on the SSS was intact, and tight adhesion was limited. 
However, securing an angle to dissect the attachment of the 
dural surface from the curved large cranium was difficult, 
and cutting pieces of the cranium were also difficult because 
of marked thickness. Both a detailed dissecting procedure 
and appropriate hemostasis should be considered for safer 
craniotomy. There are several technical reports of removing 
intraosseous meningioma. Bone cutting guides or a drilling 
template were used for tumor resection.[24,25] Duraplasty 
using artificial dura was applied for broad dural defects. 

Figure 4: Postoperative images in Case 2 after tumor resection. Gadolinium‑enhanced magnetic resonance imaging showed total resection of tumorized 
calvaria and extracranial lesion, and partial removal of intracranial lesion (a). Postoperative skull X‑ray (b; upper row: Coronal image; lower row: Sagittal 
image) and computed tomography (c; upper row: Coronal image; lower row: Sagittal image) in Case 2 after cranioplasty confirmed the majority of the 
convexity part to be covered with a titanium plate

a b c
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Moreover, decompressive craniectomy is a well‑established 
concept for traumatic injury to reduce intracranial pressure 
that improves survival in the clinical settings.[26,27] Wang 
et  al.[28] reported that this process significantly reduces 
intracranial hypertension and improves pressure dynamics 
after the resection of giant meningiomas. There are also 
reports of its performance in second staged surgery.[24]

CSF leakage and infectious complications should also 
be considered. In Case 2, cosmetic cranioplasty was 
planned during a second surgery with artificial skull bone. 
Hydrocephalus and subcutaneous CSF collection developed 
after the first resection surgery, but a lumbar peritoneal 
shunt improved the condition. The nature of fluid dynamics 
within the brain parenchyma is a focus of study. The 
meningeal lymphatic vessels were recently demonstrated 
as an important player in the complex circulation and 
exchange of soluble contents between the CSF and the 
interstitial fluid.[29,30] Visanji et  al.[31] provided evidence of 
the presence of lymphatic vessels in human dura obtained 
at autopsy at the level of the SSS in four individuals. Thus, 
broad dural deficits around the SSS may lead to absorption 
disorder of CSF. The broader deficit in Case 2 than in Case 
1 may have led to hydrocephalus. Careful postoperative 
management of CSF is required.

Conclusions
We treated two rare cases of giant intraosseous meningioma 
originating from the cranial diploic layer with a marked 
osteoblastic mass that invaded the subcutaneous layer 
and intradural region. The radiological characteristics 
and surgical tips described in this report provide a good 
reference for the future treatment of similar diseases.
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