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Objective : Hyperostosis in meningiomas can be present in 4.5% to 44% of cases. Radical resection should include aggressive 
removal of invaded bone. It is not clear however to what extent bone removal should be carried to achieve pathologically free 
margins, especially that in many cases, there is a T2 hyperintense signal that extends beyond the hyperostotic bone. In this study we 
try to investigate the perimeter of tumour cells outside the visible nidus of hyperostotic bone and to what extent they are present 
outside this nidus. This would serve as an initial step for setting guidelines on dealing with hyperostosis in meningioma surgery. 
Methods : This is a prospective case series that included 14 patients with convexity meningiomas and hyperostosis during the 
period from March 2017 to August 2018 in two university hospitals. Patients demographics, clinical, imaging characteristics, 
intraoperative and postoperative data were collected and analysed. In all cases, all visible abnormal bone was excised bearing 
in mind to also include the hyperintense diploe in magnetic resonance imaging (MRI) T2 weighted images after careful 
preoperative assessment. To examine bony tumour invasion, five marked bone biopsies were taken from the craniotomy flap for 
histopathological examinations. These include one from the centre of hyperostotic nidus and the other four from the corners at a 
2-cm distance from the margin of the nidus.
Results : Our study included five males (35.7%) and nine females (64.3%) with a mean age of 43.75 years (33-55). Tumor site was 
parietal in seven cases (50%), fronto-parietal in three cases (21.4%), parieto-occipital in two cases (14.2%), frontal region in one case 
and bicoronal (midline) in one case. Tumour pathology revealed a World Health Organization (WHO) grade I in seven cases (50%), 
atypical meningioma (WHO II) in five cases (35.7%) and anaplastic meningioma (WHO III) in two cases (14.2%). In all grade I and II 
meningiomas, bone biopsies harvested from the nidus revealed infiltration with tumour cells while all other bone biopsies from the 
four corners (2 cm from nidus) were free. In cases of anaplastic meningiomas, all five biopsies were positive for tumour cells.
Conclusion : Removal of the gross epicentre of hyperostotic bone with the surrounding 2 cm is adequate to ensure radical excision 
and free bone margins in grade I and II meningiomas. Hyperintense signal change in MRI T2 weighted images, even beyond visible 
hypersototic areas, doesn’t necessarily represent tumour invasion. 
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INTRODUCTION

Meningiomas represent up to 30% of intracranial tu-

mours6,8). Local recurrence is commonly linked with atypical 

and anaplastic subtypes (grade II and grade III), which repre-

sent up to 10% to 40% of all meningiomas11,13,15). Radicality is 

considered the most important factor affecting the rate of lo-

cal tumour recurrence and is directly correlated with long-

term clinical outcome17).

In the epicentre of some intracranial meningiomas, adjacent 

bone may show hyperostosis and can be found in 4.5% to 

44% of cases6). Hyperostosis maybe due to localized infiltra-

tion of bone by tumour cells3,5,15,16) that is also aided by hyper-

vascularity surrounding the meningioma. Many other mecha-

nisms have been discussed in the literature4,5). While The 

significance of hyperostosis as a prognostic factor is not yet 

clear in benign meningiomas (World Health Organization 

[WHO] grade I), it is commonly associated with poor out-

come in atypical meningiomas (WHO grade II)7). We suspect 

the reason behind this association is failure to achieve a Simp-

son grade I resection with many cases with hyperostosis. 

Missing its presence either radiologically or intra-operatively, 

hyperostosis can be the epicentre of meningioma recurrence16). 

Radicality in meningiomas with hyperostosis should therefore 

include aggressive removal of invaded bone to ensure a Simp-

son grade I resection.

The problem with this strategy however, is that it is unclear 

to what extent hyperostotic bone resection should be carried 

to provide pathologically free margins. Should the surgeon 

just resect the gross abnormal bone and stop when apparently 

normal cortical and cancellous bone is seen all around, or 

should the resection be wider just in case. To further compli-

cate matters, most cases will have an abnormal T2 signal in 

the magnetic resonance imaging (MRI) that extends beyond 

the margins of the hyperostosis. In many centers, intraopera-

tive frozen section of the bone could be examined to confirm 

negative bone margins but this is not always available, espe-

cially in emergencies. Because the current practice is very sub-

jective in regards of extent of bone removal, guidelines should 

be set for this issue. In this study we try to investigate the pe-

rimeter of tumour cells outside the visible nidus of hyperos-

totic bone and to what extent they are present outside this ni-

dus. This would hopefully guide us on how much bone 

removal should be taken to obtain a safety margin for these 

tumours and hence prevent recurrence.

MATERIALS AND METHODS

This is a prospective case series that included 14 patients 

with convexity meningiomas and hyperostosis during the pe-

riod from March 2017 to August 2018 in Neurosurgery de-

partments. After review and approval of the Ethical Commit-

tee Board of Cairo University Neurosurgery Department 

(IRB), all patients’ demographics, clinical, imaging character-

istics, intraoperative and postoperative data were collected 

and analysed. We always confirm the presence of hyperostosis 

both intraoperatively and preoperatively with computerized 

topography (CT) bone window and complementary MRI T2 

weighted images.

Operative protocol
Our usual protocol in dealing with hyperostotic bone in 

convexity meningioma is to remove all areas of visibly abnor-

mal bone, bearing in mind to also include the hyperintense 

diploe in MRI T2 weighted images after careful preoperative 

assesment and planning. This is somehow similar to how the 

invaded dura is delt with i.e., resect all thickened dura sur-

Fig. 1. Sites of bone biopsies : green point is the nidus epicentre (1st 
biopsy) and the margin of the nidus is outlined with a black dotted circle. 
The four red points are the corner biopsies and taken at 2 cm distance 
from the nidus margin.
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rounding the dura of origin to acquire Simpson grade I radical 

excision.

In all cases, after tumor resection, five marked bone biop-

sies were taken from the craniotomy flap for histopathological 

examinations including one from the centre of hyperostotic 

nidus and the other four biopsies from corners. These four 

corner biopsies were taken at a 2-cm distance from the margin 

of the hyperostotic nidus (Figs. 1 and 2). We used electric or 

manual twist drill to obtain all biopsies, which were kept in a 

separate marked cup. The skull defect was repaired using 

polymethyl methacrylate (PMMA) after insuring duroplasty 

with the pericraium covering the bone flap.

RESULTS

Our study included five male patients (35.7%) and nine fe-

males (64.3%) with age ranging from 33 to 55 years with mean 

43.75 years. Weakness was the presenting symptom in four 

cases (28.5%), convulsions occurred in five patients (35.7%) 

while headache was the primary complain in nine cases 

(64.3%). Most common site was the parietal region in seven 

Fig. 2. Upper : magnetic resonance imaging (MRI) T2 axial images of one of the patients showing the hyperintense bone signal beyond the tumor 
(yellow circle). Lower left : picture of the craniotomy �ap including the abnormal bone in MRI and showing a hyperostotic nidus (blue circle). Lower right :  
bone biopsies taken from the visible nidus and at 2 cm margins. As with all grade I and II meningiomas in this series, the center biopsy (from the nidus) 
yielded positive results while all corner biopsies (2 cm away) returned negative.
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cases (50%) followed by frontoparietal region in three cases 

(21.4%), parieto-occipital in two cases (14.2%), frontal region 

in one case and bicoronal (midline) in one case. Radical exci-

sion was achieved in 100% of cases with Simpson grade I plus 

removal of the whole bone f lap including the hyperostotic 

part. Tumour pathology revealed meningioma (WHO I) in 

seven cases (50%), atypical meningioma (WHO II) in five 

cases (35.7%) and anaplastic meningioma (WHO III) in two 

cases (14.2%). All results are summarised in Table 1.

In all cases, preoperative MRI T2 weighted imaging re-

vealed an abnormal hyperintense signal extending beyond the 

margin of hyperostotic bone (Fig. 2). In all grade I and II me-

ningiomas, bone biopsies that were harvested from the nidus 

revealed infiltration with tumour cell while all other bone bi-

opsies from the four corners (2 cm from nidus) were free of 

tumour cells. In the two cases of malignant grade III menin-

giomas, all five biopsies were positive for tumor cells.

All patients had a Smooth postoperative recovery with im-

provement of symptoms in relation to pre-operative symp-

toms. Only three cases developed postoperative surgical site 

seroma, which resolved spontaneously with no secondary in-

fection.

DISCUSSION

Meningiomas are the most common benign intracranial 

tumour10,14). Hyperostosis is most commonly present in skull 

base and convexity meningiomas and may be found in up to 

44% of cases4,9). Hyperostosis may occur due to irritation by 

the adjacent tumour up to bone invasion by meningiomatous 

cell with secondary hypervascularity in diploe of surrounding 

area of the skull. CT with bone widow is an essential pre-op-

erative investigation to clue tumour invasion site.

MRI T2 images usually show hyperintense signal that 

sometimes extend beyond the hyperostotic nidus in imaging. 

Since radical excision is critical to minimize recurrence in 

meningiomas, We aimed to examine whether these regions of 

hyperintense signal surrounding the hyperostotic nidus are 

infiltrated with tumour cell or not. Interestingly, our results 

showed that in grade I and II meningiomas, there are no tu-

mor cells beyond the 2 cm margin of the hyperostototic nidus. 

MRI T2 hyperintensity surrounding the hyperostotic bone is 

thus not an indication of bone tumor invasion. 

Many authors assume that one centimetre circumferentially 

is enough as a safety margin, but this was not dependant on 

pathological confirmation. Marbacher et al.12) prefer only to 

remove the grossly elevated part of hyperostosis with expected 

Table 1. Demographic data, clinical picture, pathology and outcome of study populations

Case No. Age/sex Presentation Site
Simpson's 

grade
WHO  
grade

Bone pathology
Complication

Corner Centre

1 45/M Headache Fronto-parietal 0 II N P No

2 43/F Headache, fits Parietal 0 II N P No

3 42 M Weakness Parietal 0 I N P No

4 39/F Fits Frontal 0 I N P Subcutaneous collection

5 50/M Weakness Bicoronal/midline 0 III P P No

6 33/F Headache, fits Parieto-occipital 0 I N P No

7 42/F Headache, Fits Parieto-occipital 0 I N P No

8 47/F Weakness Parietal 0 II N P No

9 52/M Headache Parietal 0 II N P Subcutaneous collection

10 35/F Headache Fronto-parietal 0 I N P No

11 42/F Weakness Parietal 0 II N P No

12 55/M Headache, fits Fronto-parietal 0 I N P Subcutaneous collection

13 43/F Headache Parietal 0 I N P NO

14 41/F Fits Parietal 0 III P P NO

WHO : World Health Organization, M : male, N : negative, P : positive, F : female
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to harbour meningiomatous cell and extend bone removal  

1 cm around for safety. Our results confirm these findings 

pathologically. In our series (Fig. 2), the craniotomy always in-

cluded the bone that showed the hyperintense T2 signal how-

ever, all bone biopsies from the craniotomy f lap 2 cm away 

from the visible nidus showed no evidence of tumour cells 

This should have implications on how to interpret these MRI 

T2 signals in addition to establishing a future protocol for 

managing hypersostotic bone in meningioma surgery.

 One should keep in mind that these results don’t apply to 

grade III meningiomas. Our results showed that in all malig-

nant meningiomas (grade III) tumor invasion was present be-

yond the one centimetre margin, evidenced by positive corner 

biopsies taken 2 cm from the visible nidus. Because these 

high-grade tumors are essentially malignant mesenchymal 

tumors resembling sarcomas and not true meningiomas, this 

was somehow expected18). Whenever history and radiological 

findings suggest a grade III meningioma, aggressive excision 

of bone beyond the nidus and including all abnormal areas on 

preoperative MRI is warranted19).

Many options are available to deal with hyperostotic bone 

starting from monopolar cautery of the nidus with tumour 

invasion to removal of the whole hyperostotic bone flap and 

cranioplasty1,10). Our standard protocol was to remove the 

whole bone f lap and do PMMA cranioplasty instead. After 

these results, our protocol has switched to only removal of the 

hyperostotic nidus with a 2 cm safety margin from the bone 

f lap then replacing it again2). This avoids a huge skull defect 

and the problems associated with cranioplasty. If the defect in 

the bone flap is in visible areas, one can always fill this defect 

with a small piece of mesh or PMMA. All cases showed im-

provements of preoperative symptoms, only three cases devel-

oped subcutaneous collection, which was resolved spontane-

ously over 3 weeks. This might suggest an only mild serous 

reaction to PMMA material. No cerebrospinal f luid leak, 

pneumocephalus or any other complications occured2).

This study has some limitations. In addition to the small 

sample size, bone sampling error can’t be ruled out especially 

that the corner biopsies may miss small areas in between 

them. The possibility to contain tumour cells however is very 

low as we harvested these biopsies from sites with the same 

gross picture regarding colour, thickness and contour. Future 

studies should include larger number and longer follow up for 

cases where hyperostotic bone was removed with mentioned 

technique and monitor recurrence rates.

CONCLUSION

Removal of the gross epicentre of hyperostotic bone with 

the surrounding 2 cm is adequate to ensure radical excision 

including pathology free bone margins. Hyperintense skull 

diploe signal change in MRI T2 weighted images, even beyond 

the hypersototic areas, doesn’t necessarily represent tumour 

invasion. Larger number studies with longer follow up are im-

portant for confirmation.
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