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Introduction 
Meningiomas are the most common primary central nervous system (CNS) tumors, accounting for 

approximately 30% of all intracranial tumors (Ostrom QT, 2019). They are derived from the meninges, the 

protective membranes covering the brain and spinal cord. Meningiomas are typically slow-growing, benign 

tumors, but a subset of them can exhibit more aggressive behavior. The World Health Organization (WHO) 

grading system categorizes meningiomas into three grades: grade 1 (benign), grade 2 (atypical), and grade 3 

(anaplastic). While histological features such as cellularity, mitotic activity, and atypia play a significant role 

in grading, the extent of bone invasion has yet to be considered as a formal criterion in the WHO classification. 

Bone invasion in meningiomas can influence treatment decisions and is associated with a higher likelihood of 

recurrence and increased mortality in patients. It is particularly significant in higher-grade meningiomas, 

Abstract 

Context: The World Health Organization (WHO) 2021 classification of meningiomas divides these 

tumors into three distinct grades: grade 1, grade 2, and grade 3. This grading system is pivotal in 

predicting patient survival and guiding clinical management. However, one significant aspect that 

has not yet been included in the grading is bone invasion, despite its potential implications for 

disease prognosis and treatment outcomes.  

Design: In this retrospective study, we analyzed 377 cases of meningiomas from our institution 

spanning the last two decades. Each case was classified according to the WHO histological grading 

criteria. Bone invasion was specifically evaluated in each case through detailed histopathological 

analysis.  

Results: Out of the 377 cases examined, 228 were classified as grade 1 (60%), 134 as grade 2 

(36%), and 15 as grade 3 (4%). Bone invasion was noted in less than 0.01% of grade 1 tumors (1 

case), 22% of grade 2 tumors (30 cases) (Figure A), and 73% of grade 3 tumors (11 cases) (Figure 

B).  

Conclusions: Our study reveals that bone invasion is a significant feature in higher-grade 

meningiomas and may provide additional insights into the aggressiveness of the tumor. This factor 

should be considered in the grading system of meningiomas, especially for grade 2 and grade 3 

tumors, to better inform treatment strategies and predict outcomes. 
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where the tumor’s ability to invade surrounding structures may reflect its more aggressive nature ( Zwirner, 

2019 ). The aim of this study was to evaluate the incidence of bone invasion across different grades of 

meningiomas and assess its potential role as a predictive factor in the WHO grading system. 

 

Materials and Methods 
This study involved the retrospective analysis of 377 meningioma cases from our institution, covering a period 

of 20 years. The tumors were classified according to the WHO 2021 histopathological grading system. Each 

specimen was analyzed for bone invasion by a detailed histological examination, including routine staining 

and specialized bone marker immunohistochemistry when necessary. Tumors with evidence of bony 

involvement were classified as having bone invasion.  

We reviewed the clinical records for demographic data, tumor grade, and treatment outcomes, including 

surgical resection and recurrence rates. The findings were compared across the three WHO grades to determine 

any correlation between bone invasion and tumor aggressiveness. 

 

Results 
In total, 377 meningioma cases were examined at our institution over a 20-year period. Of these, 228 were 

classified as grade 1 (benign), 134 as grade 2 (atypical), and 15 as grade 3 (anaplastic) according to the World 

Health Organization (WHO) 2021 grading system. The distribution of bone invasion across these grades 

revealed notable differences.  

Grade 1 Meningiomas (Benign): In this group, only 1 case (less than 0.01%) demonstrated evidence of bone 

invasion. This finding is consistent with the generally benign nature of grade 1 meningiomas, which are 

typically well-defined, slow-growing, and unlikely to invade surrounding structures. These tumors, being low 

in mitotic activity and cytological atypia, tend to have an excellent prognosis following complete surgical 

resection, with minimal chances of recurrence ( Lemée, 2020 ).  

Grade 2 Meningiomas (Atypical): Among the 134 grade 2 cases, 30 tumors (22%) showed bone invasion 

(Figure 1A). This higher rate of bone invasion compared to grade 1 tumors is striking and indicates a shift in 

tumor behavior towards more aggressive characteristics. Grade 2 meningiomas are classified as atypical due 

to features like increased mitotic activity, a higher degree of cellularity, and the presence of foci of necrosis. 

Bone invasion in these tumors likely reflects their enhanced proliferative capacity and the beginning of a more 

invasive pattern that can predispose these tumors to local recurrence, highlighting their potential for 

malignancy ( Champeaux, 2016 ).  
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Grade 3 Meningiomas (Anaplastic): The most significant finding came from the 15 grade 3 tumors, where 

11 cases (73%) exhibited bone invasion (Figure 1B). This high percentage is in line with the known 

aggressiveness of anaplastic meningiomas, which are marked by extensive mitotic activity, cellular 

pleomorphism, and, frequently, areas of necrosis. These tumors tend to infiltrate surrounding tissues more 

readily and are associated with a poor prognosis ( Clynch AL, 2023 ). Bone invasion in these cases likely 

signifies both the aggressive nature of the tumor and the likelihood of local recurrence, which is common with 

high-grade meningiomas. The aggressive behavior of these tumors necessitates multimodal treatment 

approaches, including extended surgical resection, radiotherapy, and sometimes chemotherapy ( Takase H, 

2022).  

 

 
Figure 1 A:  Bone invasion in Grade II meningioma 

Figure 1 B:  Bone invasion in Grade III meningioma 
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Discussion 
The findings of our study underscore the importance of bone invasion as a distinguishing feature in higher-

grade meningiomas and suggest its inclusion in the WHO grading system could be beneficial for refining 

diagnosis, prognosis, and treatment plans. Bone invasion serves as an additional marker of tumor 

aggressiveness and could help clinicians in identifying tumors with a  

higher risk of recurrence or malignant transformation, ultimately guiding better management decisions (Cucu 

AI, 2023).  

 

Bone Invasion and Tumor Aggressiveness:  

The correlation between bone invasion and higher-grade meningiomas is clear. While grade 1 meningiomas 

rarely show bone involvement, grade 2 and grade 3 tumors exhibit significant rates of bone invasion, 

particularly the latter. Bone involvement may indicate that the tumor has developed the capacity to invade not 

just the surrounding brain tissue but also the adjacent bony structures, which is an important factor in tumor 

progression. The higher the tumor grade, the greater the likelihood of bone invasion, supporting the theory 

that bone involvement could be a reflection of the tumor’s invasive potential and its ability to spread beyond 

the meninges. This behavior has been described in previous studies, where meningiomas with bone invasion 

demonstrated a higher recurrence rate and worse overall survival (Chen WC, 2023).  

 

Implications for Treatment and Prognosis:  

Grade 1 meningiomas, typically associated with a low rate of recurrence and favorable outcomes following 

surgical resection, are unlikely to benefit from the addition of bone invasion as a grading criterion. However, 

in grade 2 and 3 tumors, bone invasion is an important prognostic factor that should be considered. These 

tumors often require more aggressive surgical strategies, possibly involving en bloc resection of the involved 

bone, followed by adjuvant radiation therapy to reduce the risk of recurrence (da Silva CE, 2016). The presence 

of bone invasion in grade 2 meningiomas, for example, might prompt a more conservative surgical approach, 

such as the use of radiosurgery or preoperative radiation, particularly in tumors located in areas difficult to 

access surgically.  

In grade 3 meningiomas, bone invasion is an indicator of the tumor’s malignancy and aggressiveness, which 

requires a multidisciplinary approach to treatment. These patients are more likely to benefit from postoperative 

radiation therapy and close follow-up with serial imaging ( Walcott BP, 2013 ). Bone invasion may also 

suggest a more invasive surgical strategy, aiming to remove any infiltrated bone and ensure that all tumor cells 

are excised. Moreover, bone involvement can significantly complicate surgical procedures, especially when 

the tumor invades the inner and outer tables of the skull, as seen in cases of meningiomas involving the 
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calvarium. In these situations, resection of the bone may necessitate reconstructive surgery to restore the 

integrity of the skull (Takase H, 2022).  

  

Radiological and Histopathological Considerations:  

The identification of bone invasion can sometimes be challenging, particularly in cases where the invasion is 

subtle or involves small areas of cortical bone. Radiological imaging, including MRI and CT scans, can help 

in the preoperative evaluation of bone involvement (Jiang J, 2023). However, definitive assessment usually 

requires histopathological examination of the tumor and the adjacent bone. It is crucial that pathologists 

recognize the different patterns of bone invasion, which can vary from a direct tumor infiltration of the bone 

to more complex patterns involving both osseous and dural tissues (Scheichel F, 2020). The use of bone 

markers, such as osteopontin and bone sialoprotein, in immunohistochemical staining, could further aid in the 

identification of bone invasion at the cellular level(Salehi F, 2013).  

 

Bone Invasion as a Marker for Recurrence:  

Bone invasion in meningiomas has long been linked to recurrence. Studies have shown that tumors exhibiting 

bony involvement are more prone to recurrence after surgical excision (Cucu AI, 2023). This may be due to 

the difficulty in completely excising the involved bone and the surrounding tissue. Furthermore, bone 

involvement is thought to create a microenvironment that promotes tumor regrowth. This has been confirmed 

by histopathological and molecular studies, which have shown that the bone microenvironment provides 

factors conducive to tumor cell survival and proliferation ( Brokinkel B, 2017; Huntoon K, 2020 ).  

Our study suggests that, in addition to the histological features used to grade meningiomas (such as mitotic 

activity, cellular atypia, and necrosis), bone invasion could be added as a parameter to refine the grading 

system. Given the increased likelihood of recurrence in higher-grade meningiomas with bone invasion, this 

inclusion could offer more accurate prognostic information and guide clinical decision-making.  

 

Limitations and Future Directions:  

While our study provides valuable insights into the role of bone invasion in meningiomas, it is not without 

limitations. One such limitation is the retrospective nature of the study, which could lead to bias in case 

selection and incomplete clinical data. Additionally, the small number of grade 3 tumors in our cohort limits 

the ability to draw definitive conclusions about the role of bone invasion in these highly aggressive tumors. 

Future prospective studies with larger sample sizes and longer follow-up periods are needed to further 

elucidate the impact of bone invasion on survival and recurrence rates. Furthermore, molecular studies 

exploring the genetic and epigenetic alterations associated with bone invasion could help identify potential 
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therapeutic targets for patients with high-grade meningiomas.  

  

Conclusion 
Our study reveals that bone invasion is a significant marker of aggressiveness in meningiomas, particularly 

for grade 2 and grade 3 tumors. Given its correlation with recurrence and poorer survival outcomes, we 

advocate for the inclusion of bone invasion as a parameter in the WHO grading system. This addition could 

improve prognostic accuracy and help guide treatment strategies, ensuring that patients with higher-grade, 

bone-invading meningiomas receive the most appropriate and aggressive management to optimize their 

chances of survival and minimize recurrence.  
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