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AIM: To evaluate computed tomography (CT) and magnetic resonance imaging (MRI) findings of cranial intraosseous meningiomas 
(IOMs).    
MATERIAL and METHODS: This study included ten patients (six females and four males) with IOMs who underwent cranial CT and/
or MRI examinations during May 2009–June 2018. Lesions were classified based on the following locations: the sphenoid ridge, 
the calvarial convexity, other skull base bones, and the sphenoid ridge + calvarial extension. Bony extension, contour irregularity or 
radial bone spiculation, bony changes (hyperostotic, lytic, or mixed patterns), dural calcification, cerebral edema, and the presence 
of soft tissue were evaluated.
RESULTS: A total of eleven IOMs were identified in ten patients. The age of patients was 46–80 (mean: 55.30 ± 9.84) years. Five 
of the lesions were located in the sphenoid ridge + calvarium, three in the sphenoid ridge, two in the skull base, and one in the 
calvarial convexity. Seven lesions exhibited radial bone spiculation. Moreover, nine lesions exhibited hyperostotic CT pattern; while, 
two exhibited a mixed pattern. Three IOMs were accompanied with dural calcification, and peritumoral edema was observed in six 
IOMs.   
CONCLUSION: IOMs are predominantly low-grade tumors, commonly located in the periorbital area and often accompanied by 
soft tissue components and dural infiltrations. They most commonly lead to radial bone spiculation and bone expansion. Patients 
primarily have single lesions but may occasionally have multiple ones. 
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Original Investigation

Over the last two decades, there has been an increase in 
reports on IOM in the literature (5). Rather than an increase 
in the actual prevalence of these lesions, this increase most 
probably reflects developments in diagnostic tools, such as 
improved histopathological and immunostaining techniques 
as well as improved radiographic techniques including com-
puted tomography (CT) and magnetic resonance imaging 
(MRI) (5). Although IOMs are benign and slow-growing tumors, 
the possibility of their malignant transformation is higher than 
that of PIMs (5,17,31). Radiologically, they exhibit sclerotic, 
lytic, or mixed patterns, mimicking benign or malignant prima-
ry bone tumors or metastases (5,12,15,31).

█    INTRODUCTION

Most meningiomas originating from the meningothelial 
cells are termed as primary intradural meningiomas 
(PIMs) and are located in the subdural space. 

Meningiomas lacking any dural connection are ectopic or 
extradural in nature and may originate from sites such as 
the skin, nasopharynx, or neck (3,5,27). Primary extradural 
meningiomas (PEMs) are relatively rare lesions and account 
for <2% of all meningiomas. Furthermore, intraosseous 
meningiomas (IOMs) are a group of PEMs and constitute 
approximately two-thirds of all extradural meningiomas 
(5,7,12,17).
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Our study presents the CT and MRI findings of patients with 
IOMs.

█    MATERIAL and METHODS
This study was approved by our institutional ethics committee 
(No. 16-KAEK-048), and included ten patients who had IOMs 
of the 776 patients whose cranial CT and/or MRI examination 
reports reflected findings of meningioma using the picture 
archive communication system of our hospital from May 
2009 to July 2018. Five patients with IOMs in their radiology 
reports were excluded from the study owing to the absence 
of histopathology results. Of the ten patients included in the 
study, six were females and four were males. 

All cases had both CT and MRI examinations. All CT 
examinations were performed on 8- and 128-slice 
multidetector CT scanners. MRI examinations were carried 
out using a 1.5 T MRI machine. Lang et al. classified IOMs 
into three types (17). Type I tumors included lesions that were 
purely extracalvarial with no attachment to the bone; type II 
were purely calvarial, being located entirely within the bone 
of the skull; and type III corresponded to calvarial tumors with 
extracalvarial extension, i.e., a tumor that was located within 
the skull but also had a soft tissue component that extended 
extracranially. Type II and type III tumors were subdivided into 
skull base or convexity tumors. In our study, this classification 
was done according to the location of the lesions, such as 
those in the sphenoid ridge, the calvarial convexity, other skull 
base bones, and the sphenoid ridge + calvarial extension. 
Bony expansion, contour irregularity or radial spiculation, 
bony changes (hyperostotic, lytic, or mixed patterns), dural 
calcification, and existence of soft tissue component were 
evaluated. Presence of accompanying cerebral edema, 
degree of the edema (mild or severe), as well as the changes 
in the edema in follow-up examinations were studied. A dense 
linear structure over 100 HU along the dural surface, next to 
the IOM on CT, was considered as dural calcification.

The MRI protocol included axial isotropic gradient T1-
weighted images (repetition time (TR): 9.18 ms, echo time 
(TE): 6.56 ms, inversion time (TI): 420 ms, slice thickness: 1 
mm, flip angle: 12°, averages: 1), axial and sagittal fast spin-
echo T2-weighted images (TR: 5,856 ms, TE: 121 ms, slice 
thickness: 5.5 mm, averages: 2), coronal fluid attenuated 
inversion recovery (FLAIR) images (TR: 10,000 ms, TE: 90.2 
ms, TI: 2,688 ms, slice thickness: 5.5 mm, slice gap: 7 mm), 
axial or coronal contrast-enhanced spin-echo (TR: 2,683 ms, 
TE: 17.1 ms, TI: 903 ms, slice thickness: 5.5 mm, slice gap: 7 
mm), axial gradient-echo T1-weighted images (TR: 9.18 ms, 
TE: 3.56 ms, TI: 420 ms, slice thickness: 1 mm, flip angle: 12°, 
averages: 1), and B0 and B1000 diffusion-weighted images. 
Post-contrast imaging was performed on eight patients using 
intravenous administration of gadolinium-based contrast 
agent.

Based on the study by Ilica et al., dural enhancement or 
adjacent intracranial dural or extracranial soft tissue mass and 
associated parenchymal edema were investigated (12). Linear 
or nodular dural-based soft tissue enhancement, greater than 

3 mm in size, was considered as dural infiltration or mass. 
On MRI, presence of increased T2/FLAIR signal intensity in 
the adjacent brain parenchyma was considered as cerebral 
edema.

█    RESULTS
A total of 11 IOMs was observed. Incidence rate of IOMs 
among all the intracranial meningiomas was 1.4%. Age range 
of the patients with IOMs was 46–80 years (mean: 55.30 ± 9.84 
years). They were located unilaterally in nine patients (Figures 
1A-D; 2A-D; 3A-D) and bilaterally in one patient (Figure 4A-F). 
Follow-up periods of the patients ranged from 1 to 73 months 
(mean: 24.36 ± 26.42 months). 

In terms of grading, ten of the IOMs were diagnosed as World 
Health Organization (WHO) grade I and one as WHO grade 
II. Five of the lesions were located in the sphenoid ridge + 
calvarium, three in the sphenoid ridge, one in the calvarial 
convexity, and two in the base of the skull. In terms of CT 
patterns of the IOMs, nine of them exhibited a hyperostotic 
pattern (Figures 1A-D, 4A-F), and two exhibited a mixed 
pattern (Figure 3A-D). Three of the IOMs had calcifications 
in the adjacent dura mater on CT (Figure 4A-F). Four of the 
lesions had edema in the adjacent cerebral parenchyma at 
the time of diagnosis; while, two of them developed edema 
during the follow-up periods (Figures 2A-D, 3A-D). Moreover, 
three of the lesions had severe edema and three had slight 
edema. Radial bone spiculation was observed in the inner or 
outer tabula contours of seven lesions. Based on the Lang 
classification, all the IOMs were classified as type III tumors. 
All IOMs had dural involvement, except for those in two 
patients who did not receive contrast agent during MRI study. 
Demographic characteristics and radiological findings of the 
patients are summarized in Table I.

Radiological examinations were planned due to orbital 
swelling (four cases), headache (two cases), swelling in 
head (two cases), diplopia (one case), worsening of general 
condition (one case), and malignancy screening (one case). In 
three cases, IOMs infiltrated the cavernous sinus, and one of 
them caused diplopia, while the other two caused restriction 
of gaze.

█    DISCUSSION
About 68% of PEMs affect the calvarium. These types of 
meningiomas are called intraosseous, calvarial, or intradiploic 
meningiomas (17). Hoye et al. described ectopic meningio-
mas as tumors unrelated to any intracranial structure (10). 
Crawford et al. defined real primary IOM as a lesion which 
does not affect the underlying dura (6). However, IOMs could 
infiltrate the dura in due course of time (14,16). Several cases 
have been defined in the literature, with no dural involvement 
radiologically, however, the involvement being evident patho-
logically (3). Locations and forms of PIMs and IOMs may help 
differentiate the two entities radiologically. In comparison to 
PIMs, IOMs have higher tendency to be located on a broad-
er base in the calvarium. In addition, vast majority of IOMs 
exhibit bone expansion, contour irregularities in inner and/or 
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Figure 1: A 56-year-old woman with 
complaints of swelling on the head. 
A) Axial, B) coronal reformatted CT images 
show hyperostotic IOM, with radial bone 
spiculation in the left sphenoid ridge and 
calvarial bones. C) T1-weighted MR image 
shows hypointensity in the bone and soft 
tissue components (arrow). D) Contrast-
enhanced T1-weighted MR image shows 
heterogeneous contrast enhancement 
in the affected bone as well as intense 
homogeneous contrast enhancement in 
the soft tissue components and infiltrated 
dura mater.

Figure 2: A 53-year-old male patient with 
swelling on his head, who was found to 
have mixed type calvarial IOM. MR images 
in 2015 A) Sagittal T2-weighted MRI.           
B) Coronal FLAIR sequence. On MR 
images in 2017, it was observed that the 
mass increased in size and compressed 
the adjacent cerebral parenchyma, causing 
slight peritumoral edema, C) Sagittal 
T2-weighted MRI and D) Coronal fat-
suppressed FLAIR sequence. 
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Figure 3: An 80-year-old male patient 
with WHO grade II IOM involving the 
left sphenoid ridge + calvarium, who 
had brain CT and MRI images due to 
impaired consciousness. 
A, B) On contrast-enhanced CT 
images, intensely enhancing large 
soft tissue components of the mass 
extending to intraorbital space and 
intracranial and temporal fossa as 
well as causing prominent peritumoral 
brain edema were observed. 
C, D) On Axial FLAIR sequence, soft 
tissue components of the mass, 
which were isointense to cerebral 
parenchyma and showed prominent 
peritumoral edema and right temporal 
periventricular interstitial edema, were 
observed.

Table I: Demographic and Radiological Findings of Patients with Intraosseous Meningioma

No G Age Localization WHO 
Grade CT Pattern Lesion Contour Dural 

Ca ++
Cerebral 
Edema

Follow-up 
(months)

I M 52 Skull base I Hyperostotic Irregularity + - 16

II F 56 SR + Cal I Hyperostotic Radial bone spiculation - - 1

III1 F 62 SR + Cal I Mildly 
hyperostotic Radial bone spiculation + - 59

III2 F 62 SR + Cal I Hyperostotic Radial bone spiculation - -/+ 59

IV F 46 SR I Hyperostotic Irregularity + ++ 9

V F 47 SR I Hyperostotic Irregularity - + 73

VI F 49 SR I Hyperostotic Radial bone spiculation - - 19

VII M 53 Cal convexity I Mixed Radial bone spiculation - -/+ 21

VIII M 55 Skull base I Hyperostotic Radial bone spiculation - ++ 1

IX F 53 SR + Cal I Hyperostotic Radial bone spiculation - - 9

X M 80 SR + Cal II Mixed Irregularity - ++ 1

G: Gender, F: Female, M: Male, Ca++: Calcification, SR: sphenoid ridge, Cal: Calvarium.

A B

C D
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reported to be 53%–90%; while, the frequency of those in the 
calvarial convexity was reported as 10%–33% and of those in 
the skull base as 14% (7,12,13,17,24). Likewise, most of the 
IOMs in the present study were localized in both the sphenoid 
ridge + calvarium and in the sphenoid ridge. 

The pathogenesis of IOMs remains unclear. Several hypotheses 
have been proposed concerning the etiology of IOMs; such 
as the misplaced undifferentiated mesenchymal stem cells; 
undifferentiated arachnoid cap cells related to blood vessels 
or cranial nerves traversing the skull; meningocytes or 
arachnoid cap cells, which remained within the cranial sutures 
during molding of head at birth; trauma related fracture; and 
dedifferentiation of mature arachnoid cells (20,26,29). Lang 
et al. reported in their review that 8% of the 168 IOMs they 
studied were related to the suture line (17). In another review 

outer tabula, and accompanying soft tissue components (30). 
Based on commonly accepted classification in the literature, 
PEMs are classified as purely extracalvarial (Type I), purely 
calvarial (Type II), or calvarial with extracalvarial extension 
(type III) (5,7,12,17,19). Lang et al. reviewed the literature and 
found that 32% of the cases in the literature can be classified 
as Type I, 45% as Type II, and 23% as type III tumors (17). 
Since the present study included the tumors localized only in 
the cranial bones (i.e., the skull base and convexity bones), 
Type I tumors were excluded. In the present study, all the 
IOMs were type III tumors, which reflects a higher frequency 
as compared to that mentioned in the present literature. IOMs 
could be localized in the sphenoid ridge, calvarial convexity or 
skull base bones, and more frequently in the periorbital area 
(7,12,13,17,24). Frequency of IOMs in the sphenoid ridge was 

Figure 4: A 62-year-old female patient with left orbital swelling. A) CT image shows hyperostotic IOM with radial spicule contour in the 
left orbital walls and calvarial bones. Mild sclerotic IOM was observed in the right sphenoid ridge and calvarial bone. B) T2-weighted 
MR image shows IOM accompanied by soft tissue components, which led to exophthalmos in the left orbit. C) Contrast-enhanced T1-
weighted MR images show IOM with intraorbital, intracranial, and extracranial soft tissue components with intense contrast enhancement 
on the left. Contrast enhancement of an IOM in the sphenoid ridge and in the adjacent calvarial bone is observed on the right. D) CT 
image shows a linear dural calcification (arrow) accompanying the right IOM. E) T2-weighted MR image shows IOMs with bilateral 
hypointense signals. F) Contrast-enhanced T1-weighted MR image shows contrast enhancement in the affected bones and adjacent 
dura mater.
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Ilica et al. (6,12). Since the study by Crawford et al. was only 
radiographic, inner structures of the lesions might not have 
been examined in as detail as with CT, and the frequency of 
the lytic pattern might have been higher compared to that of 
the mixed pattern (6). Arana et al. reported no IOMs with pure 
lytic pattern (1). Similarly, no IOMs with pure lytic pattern were 
observed in the present study. In the differential diagnosis of 
IOMs with osteolytic pattern, benign or malignant pathologies, 
which could cause osteolytic lesions in the cranial bones, 
should be considered (5,6,16,23,26). Malignant lesions such 
as metastases, chondrosarcoma, and osteosarcoma are often 
indicated by clinical information about the known primary 
cancer, a rapidly enlarging skull lesion, or by radiographic 
features such as multiple lesions and ragged margins without 
sclerosis (7).

Linear dural calcifications in the adjacent dura may accompany 
IOMs (11,12). Ilica et al. mentioned that superficial irregularity, 
expansion, and accompanying subdural calcification in the 
involved bone on CT are pathognomonic for the diagnosis of 
IOMs. The authors detected dural calcification accompanying 
IOMs in 7 of 53 cases (12). In the present study, dural 
calcification was detected in three cases. Furthermore, five of 
the IOMs in the study by Ilica et al. (12) were graded as WHO 
grade I and two as WHO grade II; whereas, in the present 
study all IOMs with dural calcification were grade I tumors.

IOMs tend to cause expansion of the affected bones. Ilica 
et al. reported expansion of the affected bones in 67.7% of 
cases. Furthermore, they reported that 62.5% of WHO grade I 
IOMs and all WHO grade II and III tumors exhibited expansion 
of the bones (12). On the other hand, in the present study, 
expansion of the affected bone was observed in 90.9% of the 
IOMs. However, all lesions leading to expansion in the present 
study were WHO grade I. 

MRI findings of the IOMs are similar to those of the intra-
dural lesions and allow better delineation of the tumors that 
have extracalvarial soft tissue extension. IOMs are typically 
hypointense on T1-weighted images and hyperintense on 
T2-weighted images. A typical prominent and homogenous 
contrast enhancement is obtained after gadolinium adminis-
tration. Dural tail, often found with intradural meningiomas, is 
not displayed by IOMs; however, gadolinium enhancement of 
the underlying dura may be prominent. The mentioned dural 
enhancement could be due to dural irritation or tumor invasion 
(5,7). A widely varying rate of dural infiltration, in the range of 
26%–87.5%, was reported histopathologically for the IOMs in 
the literature (13,22). On the other hand, radiographically, the 
infiltration rates of the IOMs were reported as 60.0%–68.8% 
(3,12,17). There is no certain criterion for dural infiltration. Ilica 
et al. considered linear contrast enhancement no more than 3 
mm in dura as dural contrast enhancement only; while, they 
classified linear or nodular contrast enhancement larger than 
3 mm as tumor involvement (12). Bassouni et al. found dural 
enhancement in 11 out of 16 patients (68.8%) on MRI and 
attributed it to dural infiltration (3). Nevertheless, the same au-
thors found that, based on the histopathological examination 
carried out due to intraoperative suspicion of dural infiltration, 
two cases concluded not to have infiltration based on radio-

by Crawford et al, 14% of the IOM cases were linked to a 
history of trauma (6). In the present study, 63.6% of the IOMs 
had expansion into the suture lines, and the frequency of 
suture line association was higher than that has reported in 
the current literature. On the other hand, none of the patients 
in the present study had a history of trauma.

On radiography or CT examinations, the IOMs exhibited 
hyperostotic, mixed, or lytic patterns in the cranial bones (6). 
Invasion of the haversian canals by meningiomatous cells and 
their stimulation to an osteoblastic activity leads to hyper-
ostosis (1,4,12,13,25,29). As a result of hyperostosis, focal 
thickening develops on the bone, manifested as increased 
density on the radiographies or CT (5). Hyperostotic lesions 
secondary to IOMs were reported to be 60%–68% in radi-
ography or CT studies (1,6,12). In the present study, IOMs 
with hyperostotic pattern constituted 81.8% of all the lesions, 
which was relatively high compared to that mentioned in the 
literature. Fibrous dysplasia, osteoma, Paget’s disease, PIMs 
with an overlying hyperostosis (with or without true bone 
involvement), metastatic cancer, osteosarcoma, as well as 
endocrine and metabolic derangements such as hyperpara-
thyroidism, hypervitaminosis A or D, and inflammatory bone 
lesions should be considered in the differential diagnosis of 
a hyperostotic lesion of the cranial bones (4–7,30). Detailed 
clinical and radiological examinations could narrow down the 
differential diagnosis. Furthermore, age of the patient can help 
distinguish fibrous dysplasia from intraosseous meningioma, 
since fibrous dysplasia generally ceases to grow after puberty, 
while IOMs mostly appear and continue to grow slowly after 
puberty. Besides, the tumor blush on angiography, which is 
a characteristic of meningiomas, is not observed in fibrous 
dysplasia (4,7). Both fibrous dysplasia and IOMs can lead to 
osseous expansions, but these lesions can be differentiated 
by their osseous contours. Cortical table irregularities are 
observed in IOMs; whereas, the inner and outer tables are 
smoothly contoured in fibrous dysplasia (12). In meningioma 
en plaque, considerable hyperostosis may be observed in the 
overlying bone, and tumor enhancement may be mistaken for 
an overlying IOM with dural reaction.

Intraosseous meningioma has a characteristic MRI 
appearance of homogeneously dense tumor. Moreover, 
gadolinium enhancement within the skull may help differentiate 
meningioma en plaque and other osteoblastic skull lesions 
such as osteoma (non-enhancing), osteosarcoma (irregular 
contours, heterogeneous signal, and enhancement), and 
Paget’s disease (heterogeneous signal and non-enhancing) 
(7). Additionally, laboratory tests such as serum alkaline 
phosphatase, parathormone, and vitamin A and D levels can 
help narrow down the differential diagnosis (7).

The incidence of mixed pattern IOMs in the literature has 
been reported to be 5%–35.7% (1,6,12). Mixed pattern was 
observed in 18.1% of the cases in the present study. In the 
differential diagnosis of mixed pattern IOMs, which show 
hyperostotic pattern, fibrous dysplasia, Paget’s disease, 
metastases, osteosarcoma, endocrine, and metabolic dis-
eases must be considered. Frequency of IOMs with osteolytic 
pattern was reported to be 31% by Crawford et al. and 8% by 
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bilateral sphenoid ridge + calvarial bones were found in the 
present study (Figure 4A-F). 

Clinical features of IOMs are not specific. Symptoms could 
vary depending upon location and size of the tumor and 
involvement of the adjacent structures. Most IOMs exist as 
painless expanding masses without abnormal neurological 
manifestations (32)). In four patients, expansion, exophthalmos, 
and orbital swelling associated with soft tissue components 
were observed in the affected bone. Two patients had diplopia 
and restriction of gaze due to infiltration of the cavernous 
sinus by IOM.

For the treatment of IOMs, total resection of the tumor along 
with the neighboring dura, if possible, has been mentioned 
to be curative (3,5). When lesions in the skull base cannot be 
removed completely, surgery is performed to decompress the 
vital neural structures (5). Serial imaging should be used to 
follow the tumors that cannot be completely excised when 
they are histologically benign and neurologically asymptomatic 
(5). Unresectable benign IOMs causing neurologic deficits and 
atypical or malignant IOMs should be treated using adjuvant 
therapies such as radiotherapy, chemotherapy, or hormonal 
therapy (5).

The present study had several limitations. Firstly, the operative 
reports did not always specify whether the bone specimens 
included a dural component. Therefore, dural thickening and 
enhancement observed on post-contrast MR images were 
considered as dural involvement. Secondly, asymptomatic, 
small sized IOMs, with pure lytic pattern on CT scans, could 
have been mistaken by indentation of arachnoid granulation. 
And lastly, one case had contrast-enhanced CT scan, but no 
contrast-enhanced MRI examination, and in an another case, 
CT and MRI examinations were carried out without contrast 
medium. 

█   CONCLUSION
IOMs are predominantly WHO grade I tumors, frequently 
located in the periorbital region and might cause brain edema. 
Vast majority of them exhibit hyperostotic pattern and lead to 
bone expansion and contour irregularities, mostly in the form 
of radial bone spiculation. They are frequently accompanied 
with dural infiltrations and soft tissue components extending 
out from the affected bone. Although IOMs are generally 
unilaterally localized, they may quite occasionally be seen 
bilaterally.
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