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Background: Spinal meningioma is a common intraspinal tumor, which mainly
occurs in the thoracic spine. Ossified meningioma (OSM) is an extremely rare
histological variant. Our article reports a rare patient with dorsal complete OSM
and reviews this subject.

Case presentation: A 68-year-old woman presented with a one-year history of
progressive weakness in both lower limbs with gait disturbance. Physical
examination revealed hypoesthesia with a sensory level below T10. Babinski
and pathological signs on both sides were weakly positive. Magnetic resonance
imaging (MRI) showed a mass at the T10 to T11 level causing severe compression
of the spinal cord. Computed tomography (CT) showed complete ossification of
the mass. 18F-Fluoro-deoxy-glucose positron emission tomography CT (18F-
FDG PET/CT) scan combined with MRI revealed that the mass was an intradural
extramedullary high-density ossified nodule. The patient underwent a gross total
resection of the mass and pathologic examination indicated that the mass was a
meningioma with diffused psammomatous bodies.

Conclusion: We identified a rare case of dorsal complete OSM occurring in a 68-
year-old woman. After complete surgical resection, although there were
complications such as cerebral fluid leakage and fever, the patient finally
recovered with a satisfactory result.

KEYWORDS

dorsal completely ossified meningioma, spinal meningioma, ossification, thoracic spine
tumor, literature review

1 Introduction

Spinal meningioma accounts for about one-quarter of total primary intraspinal tumors,
which is the second commonest intraspinal tumor following neurilemmoma (1). Spinal
meningioma can occur in the extramedullary intradural and epidural areas, but the vast
majority are intradural tumors (2). Although spinal meningioma is common clinically,
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calcification or ossification of spinal meningioma is uncommon,
accounting for 1% to 5% of all spinal meningioma (3). Complete
ossified meningioma (OSM) is extremely rare and is considered to
be a rare histological variant. At present, spinal meningioma is not
sensitive to radiotherapy and chemotherapy, and safe gross total
resection remains the standard of care (3).

Here, a case of dorsal complete OSM is reported and the
relevant subject is reviewed.

2 Case report

A 68-year-old woman presented with a one-year history of
progressive weakness in both lower limbs with gait disturbance.
Physical examination revealed normal muscle force of both lower
limbs and hypoesthesia with a sensory level below T10. Babinski
and pathological signs on both sides were weakly positive.

Magnetic resonance imaging (MRI) demonstrated a mass
between the T10 and T11 levels causing severe compression of
the spinal cord (Figure 1). Computed tomography (CT) scan
revealed complete ossification of the mass (Figure 2). 18F-Fluoro-
deoxy-glucose positron emission tomography CT (18F-FDG PET/
CT) scan combined with MRI revealed that the mass was an
intradural extramedullary high-density ossified nodule (spinal
meningioma)? (Figure 3).

Under general anesthesia, T9 to T12 transpedicular screw
fixation was performed. Subsequently, the complete T10 to T11
spinous process and bilateral lamina of vertebra, and part of the
spinous process and bilateral lamina of vertebra at the lower margin
of T9 were removed under intraoperative neuromonitoring. Dorsal
complete ossification of the intradural mass was revealed after full
exposure of the dura of the corresponding segment (Figure 4).
Then, the dura was cut along the edge of the mass and the mass was
found to be heavily adhered to the arachnoid and spinal cord. After
the careful separation between the tumor base and the adherent
arachnoid, the mass was removed intact and then the dura mater
was closed with a dural patch. Histopathological examination of the
resected tissue revealed that the mass was a meningioma with
diffused psammomatous bodies (Figure 5).

The postoperative examination reported no residual mass
compressing the spinal cord (Figure 6). The weakness in both
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lower limbs improved immediately. However, the patient was
hospitalized for five weeks because of complications. This patient
developed cerebral fluid leakage within three days after the
operation (Day 1:300ml, Day 2: 500ml and Day 3: 450ml)
because of the inevitable incision of the dura during the
operation. In addition, on the 4th postoperative day, the patient
began to have an unexplained low-grade fever, so the patient was
treated with antibiotics (ceftriaxone sodium, vancomycin, and
meropenem). Finally, the patient was discharged five weeks after
the operation with a normal temperature.

3 Discussion

According to PubMed, including the current case, altogether 34
articles (4-36) involving 43 cases have been published till 2022
(Table 1). This review indicated that the majority of OSM occur in
women (female: 38, male: 5). The average age was 57.5 years (range
from 15 to 90 years). Most patients with OSMs occurred in the
thoracic spine (38 cases, 88.4%), followed by the cervical spine (4
cases, 9.3%) and lumbar spine (1, 2.3%). In terms of treatment, the
tumors were removed in 38 cases by gross total resection (GTR),
tumors in 3 cases were removed via subtotal resection (STR), and
the extent of resection was not clearly described in the remaining 2
cases. The vast majority of patients improved gradually after the
operation, and no recurrence (21 cases) was reported (the
remaining not described).

Spinal meningioma may originate from the arachnoid cap cells
originating from the outer layer of the arachnoid mater and villi
(18). According to the latest WHO classification, spinal
meningioma can be divided into 15 different histological
subtypes, with psammomatous, meningothelial and transitional
being the most common histologic variants, but the calcification
or ossification of spinal meningioma is uncommon (37). The
specific pathogenesis of OSM remains controversial. One theory
suggests that ossification is caused by the accumulation of
hydroxyapatite crystals in psammoma bodies (38). However,
some articles have reported that ossification can also occur
without psammoma bodies, which may not support the theory (7,
19, 28). Therefore, most of the current reports believe that
ossification begins with the metaplasia of arachnoid cells, which

FIGURE 1

MRI demonstrated a mass between the T10 and T11 levels. (A) Axial T2-weighted image; (B) Sagittal T2-weighted image; (C) Sagittal T2-weighted

image with fat-suppression.
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FIGURE 2
CT revealed complete ossification of the mass. (A) Sagittal CT image on bone window; (B) Sagittal CT image on soft-tissue window; (C) Axial
CT image

FIGURE 3
18F-FDG PET/CT revealed that the mass was an intradural extramedullary high-density ossified nodule. (A) Sagittal 18F-FDG PET/CT image; (B) Axial
18F-FDG PET/CT image

FIGURE 4
(A) Intraoperatively the mass was exposed by a dura incision; (B) The mass was completely resected
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FIGURE 5

Histopathological examination of the resected tissue revealed that the mass was a meningioma with diffused psammomatous bodies.

induces the synergistic effect of osteoblast, fibroblast, and
angiogenesis components in bone tissue formation, thereby
promoting ossification in spinal meningioma (7, 8, 19). Another
study suggested that ossification of spinal meningioma can be
induced by biochemical activation of the ossification cascade or
by exposure to osteoblast transformation factors such as SOX9 and
Runx-2 (16).

As demonstrated in Table 1, the incidence of OSM in females is
significantly higher than in males. This phenomenon may be due to
estrogen deficiency which increases the risk of calcification in
regions containing necrotic fibroblasts (18). However, no evidence
has been found that this phenomenon is related to sex hormones
(39). In addition, the incidence of OSM is higher in the elderly, and
OSM in children and young adults may not be as rare as in the
general population.

The most OSMs have symptomatic but nonspecific clinical
manifestations. The clinical features of these tumors include
motor, sensory, and sphincter dysfunction, with different
phenotypes depending on tumor location and nerve compression.
Interestingly, all 43 cases of OSM demonstrated progressive
myelopathy and worsened with time, but most patients did not
report a history of symptoms within 2 years and some cases
remained asymptomatic until events such as falls occurred.
Depending on the peak age of onset, the mass considered
asymptomatic or mild for a long time. The mass becomes
unsteady after stimulation and may cause bleeding and
displacement, which displace and cause nerve compression and
worsen neurological symptoms.

In terms of diagnosis, OSM can sometimes be detected in a
digital radiograph (DR), small calcification or ossification can be
further observed in a CT scan, and the size or extent of OSM can be
determined by MRI. However, since imaging cannot distinguish
ossification or calcification, the ultimate diagnosis should be
determined by histopathological findings (40). In addition, 18F-
FDG PET/CT is not a routine examination for the diagnosis of
OSM. However, recent studies have shown that new specific tracers,
such as 68Ga-DOTA-SSTR and 68Ga-DOTATOC, can improve the
diagnostic accuracy of meningiomas and assist radiosurgical or
surgical planning (41, 42).

Once spinal meningioma is diagnosed, surgical resection is the
primary treatment, which can relieve spinal cord compression, restore
limb motor function, and reduce the pain of patients. Most intradural
meningiomas are epiarachnoid masses, and the arachnoid mater
becomes a barrier to separate the tumor from surrounding normal
tissues during surgery. However, the unique differentiation form of
OSM causes calcification or ossification of the arachnoid mater, which
leads to the disappearance of this natural barrier. Moreover, compared
with general spinal meningioma, OSM often sticks to the surrounding
nerve tissue, which may be due to its scant cellularity consisting of
acellular concretions (23). Therefore, patients with OSM often lack a
clear anatomical view, which increases the risk and difficulties of
surgery. At present, gross total resection (GTR) of OSM is considered
to be most associated with significant neurological improvement.
However, some researchers believe that when trying to remove a
tumor with heavy adhesion may cause spinal cord injury, subtotal
resection (STR) can be selected to retain part of the mass to ensure

FIGURE 6

The postoperative examination of the patient. (A, B) DR revealed appropriate internal fixation; (C, D) CT images demonstrated no residual mass

compressing the spinal cord.
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TABLE 1 Summary of ossified meningioma cases.

Tumor Ossified Location Symptoms = Treatment Clinical Recurrence Histological characteristics
number outcomes

Roger et al, 16/F 1 Ossified T9 Lateral Myelopathy GTR Improved No Psammoma bodies, bone cells
1928 (4) (3 months)
Freidberg et al, = 69/F 1 Ossified T1-2 Ventral Myelopathy GTR+dura Improved NA Psammoma bodies, mature cancellous bone
1972 (5) (6 weeks)
Kandel et al, 17/F 1 Ossified T8 Dorsal Myelopathy GTR NA No Meningotheliomatous, psammoma bodies, bone spicule
1989 (6)
Niijima et al, 75/F 1 Ossified T8-9 Dorsolateral Myelopathy GTR+dura Improved NA Psammoma bodies, bone spicule
1993 (7) (14 months)
Kitagawa et al, 75/F 1 Ossified T9-10 NA Myelopathy NA NA NA Psammoma bodies, bone tissue
1994 (8)

60/F 1 Ossified T6-8 NA Myelopathy NA NA NA Psammoma bodies, bone tissue
Nakayama 74/F 1 Ossified T9 Dorsal Myelopathy GTR NA NA Matured lamellar bone tissue
et al, 1996 (9)

45/M 1 Ossified C1-3 Ventral Myelopathy GTR NA NA Matured bone tissue
Huang et al, 73/F 1 Ossified T5 Lateral Myelopathy GTR Improved NA Psammoma bodies, bone marrow
1999 (10)
Saito et al, 54/F 1 Ossified T11 Dorsal NA GTR+dura Improved No Metaplastic (osseous)
2001 (11)
Naderi et al, 15/M 1 Ossified T4 Dorsal Myelopathy GTR+dura Improved NA Psammoma bodies, mature bone tissue
2001 (12) (3 months)
Liu et al, 2006 70/F 1 Ossified T11 Dorsolateral Myelopathy GTR Improved No Psammoma bodies, woven bone
(13) (2 years)
Hirabayashi 82/F 1 Partially L3 Dorsolateral Cauda equina GTR Improved No (5years) Osseous
et al, 2009 (14) ossified syndrome
Tabhir et al, 40/F 1 Partially T6 Dorsolateral Myelopathy GTR Improved No Mineralized bone
2009 (15) ossified (8 months)
Uchida et al, 40/F 2 Ossified T8 and | Dorsal, Myelopathy GTR+dura Improved No (2years) Psammoma bodies, mature bone
2009 (16) T12 dorsolateral
Licci et al, 58/F 1 Ossified T6 Dorsal Myelopathy GTR Improved (1 NA Psammoma bodies, lamellar bone tissue, hematopoiesis
2010 (17) year)
Chotai et al, 61/F 1 Ossified T4-5 Dorsal Myelopathy GTR+dura Improved NA Psammoma bodies, mature lamellar bone, hematopoiesis
2013 (18) (1 month)

(Continued)
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TABLE 1 Continued

Study

(Year)

Age/
Gender

Tumor
number

Ossified

Level

Location

Symptoms

Treatment

Clinical
outcomes

Recurrence

Histological characteristics

Ju et al, 2013 61/F 1 Ossified T9-10 Lateral Myelopathy GTR+dura Improved NA Heterotopic ossification
(19) (1 month)
Taneoka et al, 78/F 1 Ossified T9 Dorsal Myelopathy GTR+dura Improved NA Psammoma bodies, mature bone, hematopoiesis
2013 (20)
Yamane et al, 61/F 1 Ossified T12 Ventrolateral Myelopathy GTR Improved No (2years) Psammoma bodies, cancellous bone with bone marrow
2014 (21)
Chan et al, 64/F 1 Ossified T9-10 Dorsal Myelopathy GTR Improved NA Psammoma bodies, bone marrow, hematopoiesis
2014 (22) (6 month)
Alafaci et al, 45/M 1 Ossified T2-3 Ventral 4, Myelopathy GTR Improved No Seven cases of osseous component in association with
2015 (23) lateral 1, psammoma bodies, two cases of immature bone trabeculae
dorsal 4
75/F 1 Ossified T3-4 Myelopathy GTR Improved No
86/F 1 Ossified T3-4 Myelopathy GTR Improved No
65/F 1 Ossified T7 Myelopathy GTR Improved No
72/F 1 Ossified Cc7 Myelopathy STR Improved No
40/F 1 Ossified T1-2 Myelopathy STR Improved No
65/F 1 Ossified T7-8 Myelopathy GTR Improved No
40/F 1 Ossified Cc7 Myelopathy GTR Improved No
41/F 1 Ossified T2-3 Myelopathy GTR Improved No
Demir et al, 26/F 1 Ossified- T9-11 Dorsal Myelopathy GTR NA NA Psammoma bodies
2016 (24) calcified
Cochran et al, 47/F 1 Ossified T8 Ventral Radiculopathy GTR Improved No (22months) Psammoma bodies, bone marrow, hematopoiesis
2016 (25)
Xia and Tian, 90/M 1 Ossified T10-11 Dorsal Spinal cord GTR NA NA Psammoma bodies, bone trabeculae
2016 (26) injury after fall
Prakash et al, 60/F 1 Ossified T7-8 Dorsolateral Myelopathy GTR Improved NA Psammoma bodies, immature bony trabeculae
2018 (27) (6 month)
Sakamoto et al, | 57/F 1 Ossified Cc7 Ventrolaterodorsal = Myelopathy STR Improved NA Osseous core, fibrous
2018 (28)
Murakami 29/F 1 Ossified T12 Lateral Back pain, leg GTR+dura Unchanged NA Psammoma bodies, mature bone tissue

et al, 2019 (29)

numbness

(12 months)

(Continued)
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normal spinal cord function after surgery (43). With the development
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% T§~ 2 intradural extramedullary tumors (44). IONM can alert the operator
< 3 g . - o
g £ P 2 § to prevent spinal cord or nerve root injury by the condition of
1] Y =]
2 g % E g sustained electromyoelectric response. In conclusion, complete
5 2 51 I3} . . . . .
8 %: g “% < = surgical removal of OSM is not easy, especially in OSM with
o I3} =) o 3 <
g E = £ = 2 8 complete ossification, but it remains the best choice available.
2 2 p £ o T =
= 3 = =
¢ I S g |5 |B
] = g & g 2 <
< 2 k| 2 | 2 g 4 C lusi
3] > = . > p > S oncuusion
= ENNEREEUEE BEE BT B
% 2 2 2 2 2 2 2 ) h " ) ot
< < < < < < «
8 g g g g g g g We presented a rare patient with a dorsal complete OSM in the
9 é E g g é E g thoracic spine. In the current report, only 1% to 5% of spinal
T 2 2 2 2 2 2 2 meningiomas present with ossification, and the majority are in
women. The diagnosis of OSM can usually be correctly diagnosed
Q . . . . .
Q =~ by observing the neuroradiological appearances. Surgical resection
g g El is the main therapeutic method for OSM, but it is somewhat
-
2 4 =) challenging because tumor adhesion can prevent complete
o < < < . .
22 Z Z z Z. Z z z resection. In summary, treatment with GTR or STR often leads to
" - clinical improvement with a low risk of late recurrence.
(V] o
= £ — ~ &2
& TS5 T E T &€ ¥ T
£ HIEEEERE LR - .
okl ic f £ E¢ Be E | E Data availability statement
o
5 B B B ; . Please contact the corresponding author if data is required.
= i |2 |2 |2 |2
© I + I s I
o e e & & & & &
S © © © |5 © |© TR
Author contributions
(%)
o0 .
g - & . . - . _-% . . .
° < = Bl = < 2 | B8 S W-BX: Conceptualization, Data curation, Methodology, Software,
S & = & & & F& B % o e - . . .
; i = = o T: T; =¥ T; : Visualization, Writing — original draft, Writing — review & editing. N-
a = 2 4 & = = & = ! KS: Conceptualization, Supervision, Writing — review & editing. D-
Z:, XC: Validation, Visualization, Writing - original draft. D-QC: Formal
_ 2 Analysis, Visualization, Writing — original draft. YN: Investigation,
c ] 2 . .. . .. ..
o g = Writing - original draft. FJ: Validation, Writing - original draft. G-XL:
= = i S . o i . s
B 3 3 F 3 £ 3 2 Conceptualization, Funding acquisition, Writing — review & editing.
& 4 k% b4 = 4 ]
S = ] = = z e ] o GR: Conceptualization, Funding acquisition, Project administration,
= % Resources, Supervision, Writing — review & editing.
0 ~ g
> ! — =
U : = E & EEe E
5 £ Funding
= o o o o =] o o 2
— o L o o o L o I
& 2 k- g > 2 k- g %
[e) 3 & & & 3 & & 5 The authors declare financial support was received for the research,
= authorship, and/or publication of this article. This research was funded
g p p
5 g = by the Natural Science Foundation of Fujian Province (No.
€ E J 2020J011244) and the "Xiamen Health System Discipline Leaders
s 5 Y p
i — - - - = - 0 i; and their Backup Candi-dates, Senior Management Talent Training
5 i Candidates Training Program (2021)".
~ O g
5o IENEE -
il <O B & 23 3 2 N 2 £
o - . .
F i <  Conflict of interest
5 g - E
(¥] — = < o = = : - .
- B ey 3 Z ; g B 5 Z L B s g f The authors declare that the research was conducted in the
'g 20 22 § 2 5a %3 § 3 = 8 g S absence of any commercial or financial relationships that could be
«a &
3 — Bl S|x=]AEs S| ES RS a construed as a potential conflict of interest.

Frontiers in Oncology 07 frontiersin.org


https://doi.org/10.3389/fonc.2023.1259508
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xu et al.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Albanese V, Platania N. Spinal intradural extramedullary tumors. Personal
experience. ] Neurosurg Sci (2002) 46(1):18-24.

2. Buetow MP, Buetow PC, Smirniotopoulos JG. Typical, atypical, and misleading
features in meningioma. Radiographics (1991) 11(6):1087-106. doi: 10.1148/
radiographics.11.6.1749851

3. Shah DS, Reddy RV, Dogruel Y, Asfour MZ, Pour-Rashidi A, Haider AS, et al. Calcified
spinal meningiomas: a systematic review of clinical characteristics, treatment strategies, and
outcomes. ] Neurooncol (2023) 162(2):295-305. doi: 10.1007/s11060-023-04291-w

4. Rogers L. A. A spinal meningioma containing bone. Br J Surg. (1928) 15:675-7.
doi: 10.1002/bjs.1800156015

5. Freidberg SR. Removal of an ossified ventral thoracic meningioma. Case report. J
Neurosurg (1972) 37(6):728-30. doi: 10.3171/jns.1972.37.6.0728

6. Kandel E, Sungurov E, Morgunov V. Cerebral and two spinal meningiomas
removed from the same patient. Neurosurgery (1989) 25:447-50. doi: 10.1097/
00006123-198909000-00021

7. Nijjima K, Huang YP, Malis LI, Sachdev VP. Ossified spinal meningioma en
plaque. Spine (Phila Pa 1976) (1993) 18(15):2340-3. doi: 10.1097/00007632-
199311000-00036

8. Kitagawa M, Nakamura T, Aida T, Iwasaki Y, Abe H, Nagashima K.
Clinicopathologic analysis of ossification in spinal meningioma. Noshuyo Byori
(1994) 11(1):115-9.

9. Nakayama N, Isu T, Asaoka K, Harata T, Hayashi S, Aoki T, et al. Two cases of
ossified spinal meningioma. No Shinkei Geka (1996) 24(4):351-5.

10. Huang TY, Kochi M, Kuratsu J, Ushio Y. Intraspinal osteogenic meningioma:
report of a case. ] Formos Med Assoc (1999) 98(3):218-21.

11. Saito T, Arizono T, Maeda T, Terada K, Iwamoto Y. A novel technique for
surgical resection of spinal meningioma. Spine (Phila Pa 1976) (2001) 26(16):1805-8.
doi: 10.1097/00007632-200108150-00017

12. Naderi S, Yilmaz M, Canda T, Acar U. Ossified thoracic spinal meningioma in
childhood: a case report and review of the literature. Clin Neurol Neurosurg (2001) 103
(4):247-9. doi: 10.1016/S0303-8467(01)00157-3

13. Liu CL, Lai PL, Jung SM, Liao CC. Thoracic ossified meningioma and
osteoporotic burst fracture: treatment with combined vertebroplasty and
laminectomy without instrumentation: case report. J Neurosurg Spine (2006) 4
(3):256-9. doi: 10.3171/spi.2006.4.3.256

14. Hirabayashi H, Takahashi J, Kato H, Ebara S, Takahashi H. Surgical resection
without dural reconstruction of a lumbar meningioma in an elderly woman. Eur Spine |
(2009) 18 Suppl 2(Suppl 2):232-5. doi: 10.1007/500586-009-0895-y

15. Tahir M, Usmani N, Ahmad FU, Salmani S, Sharma MS. Spinal meningioma
containing bone. a case report and review of literature. BMJ Case Rep (2009) 2009. doi:
10.1136/bcr.11.2008.1186

16. Uchida K, Nakajima H, Yayama T, Sato R, Kobayashi S, Mwaka ES, et al.
Immunohistochemical findings of multiple ossified en plaque meningiomas in the
thoracic spine. J Clin Neurosci (2009) 16(12):1660-2. doi: 10.1016/j.jocn.2009.03.013

17. Licci S, Limiti MR, Callovini GM, Bolognini A, Gammone V, Di Stefano D.
Ossified spinal tumour in a 58-year-old woman with increasing paraparesis.
Neuropathology (2010) 30(2):194-6. doi: 10.1111/j.1440-1789.2009.01076.x

18. Chotai SP, Mrak RE, Mutgi SA, Medhkour A. Ossification in an extra-intradural
spinal meningioma-pathologic and surgical vistas. Spine J (2013) 13(12):e21-26. doi:
10.1016/j.spinee.2013.06.102

19. Ju CI, Hida K, Yamauchi T, Houkin K. Totally ossified metaplastic spinal
meningioma. ] Korean Neurosurg Soc (2013) 54(3):257-60. doi: 10.3340/jkns.2013.54.3.257

20. Taneoka A. Ossified thoracic spinal meningioma with hematopoiesis. A case
report and review of the literature. Case Rep Clin Med (2013) 02:24-8. doi: 10.4236/
crem.2013.21007

21. Yamane K, Tanaka M, Sugimoto Y, Ichimura K, Ozaki T. Spinal metaplastic
meningioma with osseous differentiation in the ventral thoracic spinal canal. Acta Med
Okayama (2014) 68(5):313-6. doi: 10.18926/AMO/52901

22. Chan T-T, Lau VW-H, Chau TK-F, Lee Y-L. Ossified thoracic spinal
meningioma with lamellar bone formation presented with paraparesis. J
Orthopaedics Trauma Rehabil (2014) 18(2):106-9. doi: 10.1016/j.jotr.2013.06.001

23. Alafaci C, Grasso G, Granata F, Salpietro FM, Tomasello F. Ossified spinal
meningiomas: Clinical and surgical features. Clin Neurol Neurosurg (2016) 142:93-7.
doi: 10.1016/j.clineuro.2016.01.026

Frontiers in Oncology

10.3389/fonc.2023.1259508

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

24. Demir MK, Yapicier O, Toktag ZO, Akakin A, Yilmaz B, Konya D. Ossified-
calcified intradural and extradural thoracic spinal meningioma with neural foraminal
extension. Spine J (2016) 16(1):e35-37. doi: 10.1016/j.spinee.2015.08.053

25. Cochran EJ, Schlauderaff A, Rand SD, Eckardt GW, Kurpad S. Spinal
osteoblastic meningioma with hematopoiesis: radiologic-pathologic correlation and
review of the literature. Ann Diagn Pathol (2016) 24:30-4. doi: 10.1016/
j.anndiagpath.2016.07.002

26. Xia T, Tian JW. Entirely ossified subdural meningioma in thoracic vertebral
canal. Spine J (2016) 16(2):el1. doi: 10.1016/j.spinee.2015.09.005

27. Prakash A, Mishra S, Tyagi R, Attri PC, Bhatnagar A, Kansal S. Thoracic
psammomatous spinal meningioma with osseous metaplasia: A very rare case report.
Asian ] Neurosurg (2017) 12(2):270-2. doi: 10.4103/1793-5482.150222

28. Sakamoto K, Tsutsumi S, Nonaka S, Suzuki T, Ishii H, Ito M, et al. Ossified
extradural en-plaque meningioma of the cervical spine. J Clin Neurosci (2018) 50:124—
6. doi: 10.1016/j.jocn.2018.01.058

29. Murakami T, Tanishima S, Takeda C, Kato S, Nagashima H. Ossified metaplastic
spinal meningioma without psammomatous calcification: A case report. Yonago Acta
Med (2019) 62(2):232-5. doi: 10.33160/yam.2019.06.008

30. Taha MM, Alawamry A, Abdel-Aziz HR. Ossified spinal meningioma: A case
report and a review of the literature. Surg J (N Y) (2019) 5(4):e137-41. doi: 10.1055/s-
0039-1697634

31. Wang C, Chen Y, Zhang L, Ma X, Chen B, Li S. Thoracic psammomatous
meningioma with osseous metaplasia: a controversial diagnosis of a case report and
literature review. World ] Surg Oncol (2019) 17(1):150. doi: 10.1186/s12957-019-1694-5

32. Xu F, Tian Z, Qu Z, Yao L, Zou C, Han W, et al. Completely ossified thoracic
intradural meningioma in an elderly patient: A case report and literature review. Med
(Baltimore) (2020) 99(25):e20814. doi: 10.1097/MD.0000000000020814

33. Buchanan D, Martirosyan NL, Yang W, Buchanan RI. Thoracic meningioma with
ossification: Case report. Surg Neurol Int (2021) 12:505. doi: 10.25259/SNI_643_2021

34. Wong YP, Tan GC, Mukari SAM, Palaniandy K. Heterotopic ossification in
psammomatous spinal meningioma: a diagnostic controversy. Int J Clin Exp Pathol
(2021) 14(5):627-32.

35. Thakur J, Ulrich CT, Schir RT, Seidel K, Raabe A, Jesse CM. The surgical
challenge of ossified ventrolateral spinal meningiomas: tricks and pearls for managing
large ossified meningiomas of the thoracic spine. J Neurosurg Spine (2021) 35(4):516—
26. doi: 10.3171/2020.12.SPINE201526

36. Dong C, Liu Y, Zhu Y, Wei H, Ma Y. Multiple ossified spinal meningiomas in the
thoracic spine: A case report and literature review. Front Surg (2022) 9:965815. doi:
10.3389/fsurg.2022.965815

37. Adogwa O, Fessler RG. Intradural extramedullary spinal tumors. In: Berhouma
M, Krolak-Salmon P, editors. Brain and spine surgery in the elderly. Cham: Springer
International Publishing (2017). p. 289-304.

38. Kubota T, Sato K, Yamamoto S, Hirano A. Ultrastructural study of the formation
of psammoma bodies in fibroblastic meningioma. J Neurosurg (1984) 60(3):512-7. doi:
10.3171/jns.1984.60.3.0512

39. Marosi C, Hassler M, Roessler K, Reni M, Sant M, Mazza E, et al. Meningioma.
Crit Rev Oncol Hematol (2008) 67(2):153-71. doi: 10.1016/j.critrevonc.2008.01.010

40. Ruggeri AG, Fazzolari B, Colistra D, Cappelletti M, Marotta N, Delfini R.
Calcified spinal meningiomas. World Neurosurg (2017) 102:406-12. doi: 10.1016/
j-wneu.2017.03.045

41. Umana GE, Ferini G, Harikar MM, Venkataram T, Costanzo R, Scalia G, et al.
Detection of "Incidentalomas” on brain and body (68)Ga-DOTATOC-PET scans: A
retrospective study and case illustration. Anticancer Res (2022) 42(12):5867-73. doi:
10.21873/anticanres.16095

42. Palmisciano P, Watanabe G, Conching A, Ogasawara C, Ferini G, Bin-Alamer O,
et al. The role of [(68)Ga]Ga-DOTA-SSTR PET radiotracers in brain tumors: A
systematic review of the literature and ongoing clinical trials. Cancers (Basel) (2022) 14
(12). doi: 10.3390/cancers14122925

43. Sala F, Palandri G, Basso E, Lanteri P, Deletis V, Faccioli F, et al. Motor evoked
potential monitoring improves outcome after surgery for intramedullary spinal cord
tumors: a historical control study. Neurosurgery (2006) 58(6):1129-43. doi: 10.1227/
01.NEU.0000215948.97195.58

44. Harel R, Schleifer D, Appel S, Attia M, Cohen ZR, Knoller N. Spinal intradural
extramedullary tumors: the value of intraoperative neurophysiologic monitoring on
surgical outcome. Neurosurg Rev (2017) 40(4):613-9. doi: 10.1007/s10143-017-0815-2

frontiersin.org


https://doi.org/10.1148/radiographics.11.6.1749851
https://doi.org/10.1148/radiographics.11.6.1749851
https://doi.org/10.1007/s11060-023-04291-w
https://doi.org/10.1002/bjs.1800156015
https://doi.org/10.3171/jns.1972.37.6.0728
https://doi.org/10.1097/00006123-198909000-00021
https://doi.org/10.1097/00006123-198909000-00021
https://doi.org/10.1097/00007632-199311000-00036
https://doi.org/10.1097/00007632-199311000-00036
https://doi.org/10.1097/00007632-200108150-00017
https://doi.org/10.1016/S0303-8467(01)00157-3
https://doi.org/10.3171/spi.2006.4.3.256
https://doi.org/10.1007/s00586-009-0895-y
https://doi.org/10.1136/bcr.11.2008.1186
https://doi.org/10.1016/j.jocn.2009.03.013
https://doi.org/10.1111/j.1440-1789.2009.01076.x
https://doi.org/10.1016/j.spinee.2013.06.102
https://doi.org/10.3340/jkns.2013.54.3.257
https://doi.org/10.4236/crcm.2013.21007
https://doi.org/10.4236/crcm.2013.21007
https://doi.org/10.18926/AMO/52901
https://doi.org/10.1016/j.jotr.2013.06.001
https://doi.org/10.1016/j.clineuro.2016.01.026
https://doi.org/10.1016/j.spinee.2015.08.053
https://doi.org/10.1016/j.anndiagpath.2016.07.002
https://doi.org/10.1016/j.anndiagpath.2016.07.002
https://doi.org/10.1016/j.spinee.2015.09.005
https://doi.org/10.4103/1793-5482.150222
https://doi.org/10.1016/j.jocn.2018.01.058
https://doi.org/10.33160/yam.2019.06.008
https://doi.org/10.1055/s-0039-1697634
https://doi.org/10.1055/s-0039-1697634
https://doi.org/10.1186/s12957-019-1694-5
https://doi.org/10.1097/MD.0000000000020814
https://doi.org/10.25259/SNI_643_2021
https://doi.org/10.3171/2020.12.SPINE201526
https://doi.org/10.3389/fsurg.2022.965815
https://doi.org/10.3171/jns.1984.60.3.0512
https://doi.org/10.1016/j.critrevonc.2008.01.010
https://doi.org/10.1016/j.wneu.2017.03.045
https://doi.org/10.1016/j.wneu.2017.03.045
https://doi.org/10.21873/anticanres.16095
https://doi.org/10.3390/cancers14122925
https://doi.org/10.1227/01.NEU.0000215948.97195.58
https://doi.org/10.1227/01.NEU.0000215948.97195.58
https://doi.org/10.1007/s10143-017-0815-2
https://doi.org/10.3389/fonc.2023.1259508
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	An unusual presentation of ossified spinal meningioma: case report and literature review
	1 Introduction
	2 Case report
	3 Discussion
	4 Conclusion
	Data availability statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


