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ABSTRACT

The formation of histologically mature bone within the intracranial compartment is an exceptionally rare phenomenon. Although
intracranial calcifications are frequently encountered in clinical practice, true ossification culminating in the development of mature
bone tissue remains poorly characterized. Herein, we report three cases of female patients presenting with intra- and extra-axial
cranial masses, all histologically confirmed to comprise mature bone. We describe the associated radiologic features, surgical
challenges, and histopathological findings. Furthermore, we propose a novel pathogenetic hypothesis implicating the intraoperative
dispersion of bone dust as a potential etiologic factor in iatrogenic ossification. Our findings highlight the importance of surgical
vigilance and meticulous intraoperative technique to mitigate this rare but avoidable complication.
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B INTRODUCTION

ntracranial calcifications are identified in up to 10% of neu-
Iroimaging studies and are most often incidental findings.

These calcifications are typically dystrophic in nature, aris-
ing in regions of prior hemorrhage, inflammation, or necrosis.
In contrast, true intracranial ossification—defined by the for-
mation of mature lamellar bone, frequently containing bone
marrow elements—is exceedingly rare (8-10). Such ossifica-
tions are usually confined to the skull base or meningeal struc-
tures and are generally attributed to congenital anomalies or
post-inflammatory changes.

On rare occasions, mature bone may form within the brain
parenchyma (intra-axially) or ventricular system. These lesions
may radiographically and clinically mimic neoplastic or vascu-
lar pathologies, posing diagnostic challenges. Although ossi-
fied lesions such as mature teratomas, heavily calcified me-
ningiomas, and calcifying pseudoneoplasms can account for
certain presentations, the possibility of a distinct, under-rec-
ognized osteogenic mechanism warrants further investigation.

In this report, we present three cases of histologically con-
firmed intracranial mature bone in women of reproductive age,
each with unique anatomical locations and clinical manifes-
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tations. Beyond characterizing the radiological, surgical, and
pathological features, we propose a novel pathogenetic hy-
pothesis: the intraoperative dissemination of bone dust, fol-
lowed by osteogenic transformation, may serve as a potential
mechanism for iatrogenic ossification within the cranial cavity.

Written informed consent was obtained from all patients in-
cluded in this study.

B CASE REPORT
Case 1

A 38-year-old female presented in 2008 with a several-month
history of progressive headache, papilledema, and restricted
upward gaze. Neurological examination revealed signs con-
sistent with Parinaud’s syndrome. Magnetic resonance imag-
ing (MRI) demonstrated a heterogeneous mass measuring 6.0
x 4.5 x 2.7 cm in the pineal region, with susceptibility artifacts
suggestive of calcification. The lesion compressed the third
ventricle, resulting in obstructive hydrocephalus (Figure 1).

A posterior transcallosal approach via occipital craniotomy
was employed. Upon opening the splenium of the corpus
callosum, a firm, mobile, bone-like mass encased in glial tis-
sue and loosely tethered by fibrous bands was identified. The
mass was fragmented and removed using a microrongeur.
Postoperative recovery was uneventful, and the patient expe-
rienced resolution of papilledema.

Histopathological analysis confirmed the presence of mature
lamellar bone containing normocellular marrow elements,
consistent with a diagnosis of mature teratoma (1,11).

Case 2

A 46-year-old female presented with a 1-year history of pro-
gressive narrowing of the visual field and retro-orbital head-
ache. Ophthalmological examination revealed decreased vi-
sual acuity and a nasal visual field defect in the right eye. MRI
identified a 4.0 x 2.9 x 2.1-cm calcified mass involving the
inner third of the right sphenoid wing (Figure 2), without evi-
dence of invasion into the adjacent brain parenchyma.

Figure 1: Intraoperative images of Patient #1. A) Upon splitting the splenium of the corpus callosum, a firm, heterogeneous mass was
visualized. B) The lesion displayed irregular features consistent with mature lamellar bone, morphologically resembling calvarial bone.
C) The mass was localized to the pineal region, causing compression of the third ventricle.
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Figure 2: Preoperative magnetic resonance
imagings (MRIs) of Patient #2 demonstrating a
densely calcified lesion. A) Axial T1-weighted
image showing a well-defined mass within the
inner third of the right sphenoid wing. B) Sagittal
T2-weighted contrast-enhanced image revealing
peripheral enhancement consistent with ossified
tissue.
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B

Figure 3: Intraoperative views of Patient #2. A) Pterional craniotoy revealing a hard, highly vascularised mass, B) High speed drill used

to reduce the mass, C) Showing bone tissue after drilling

Figure 4: Histopathological analysis of excised tissue from
Patient #2. Dense sclerotic lamellar bone fragments (black arrow).
Intervening bone marrow elements (white arrow) confirm the
presence of mature bone tissue, consistent with a non-neoplastic
ossified pseudotumor (Haematoxylin and Eosin, x200).

A right pterional craniotomy was performed, revealing a rock-
hard, highly vascularized mass (Figure 3). The optic nerve and
internal carotid artery were decompressed with meticulous
dissection. Intraoperative bleeding was controlled using fibrin
sealant and hemostatic agents. The patient recovered without
neurological deficits.

Histopathology showed densely sclerotic lamellar bone with
focal areas of bone marrow (Figure 4), consistent with a diag-
nosis of non-neoplastic calcifying pseudotumor (10,12).

Case 3

A 43-year-old female with a 20-year history of chronic
headaches and progressive swelling on the left side of the
head initially declined an MRI due to claustrophobia. Four
months later, she presented to the emergency department in
respiratory arrest. Computed tomography revealed a calcified

mass within the fourth ventricle associated with obstructive
hydrocephalus. An emergency external ventricular drain was
placed, followed by MRI, which confirmed a5.0 x 4.3 x 2.7-cm
mass in the fourth ventricle and a coexisting frontal osteoma
exerting mass effect on adjacent brain tissue (Figure 5).

During posterior fossa exploration, a firm, vascular, mobile
bony mass adherent to surrounding neural structures via
fibrous bands was encountered. Ultrasonic aspiration proved
ineffective, and the lesion was ultimately removed using a
surgical rasp. Despite initial stabilization, the patient died on
postoperative day 2.

Histopathological examination demonstrated mature lamellar
bone with normocellular marrow (Figure 6), confirming the
lesion as a mature ossified mass.

B DISCUSSION

Intracranial ossification presents a rare and diagnostically
challenging phenomenon due to its diverse etiologies and
atypical presentation. Several pathogenetic mechanisms have
been proposed: 1) congenital teratomas with mesodermal dif-
ferentiation into osseous tissue; 2) reactive metaplasia sec-
ondary to chronic inflammation, trauma, or hemorrhage; and
3) exogenous introduction and subsequent osteogenic trans-
formation of bone fragments or bone dust.

The first mechanism is well-documented in midline intracra-
nial teratomas, in which pluripotent germ cells differentiate
into mature tissue types, including bone, cartilage, or dental
structures. This etiology most plausibly accounts for the le-
sion observed in our first case (1,11). Reactive ossification due
to chronic inflammation or degenerative changes, as seen in
calcifying pseudotumors and postinflammatory meningeal os-
sification, has been reported in the skull base and dura mater
(2,10,12); this mechanism aligns with the findings in our sec-
ond patient.

The third mechanism—iatrogenic dissemination of bone
dust—deserves greater scrutiny (13,14). High-speed drilling
during craniotomy generates fine osseous particles that can
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Figure 5: Magnetic resonance imaging (MRI) findings in Patient #3. Sagittal (A), and coronal (B) T1-weighted contrast enhanced
images show exophytic osseous growths arising from the calvarium, impinging on the adjacent cerebral parenchyma. C) Axial
T1-weighted contrast enhanced image demonstrates large, heterogeneous mass occupying the fourth ventricle, with signal
intensity characteristics identical to cortical bone, causing obstructive hydrocephalus.

reveal mature trabecular bone (black arrow) with normocellular
marrow. Marrow elements (white arrow) are present between
trabeculae, confirming the diagnosis of mature intraventricular
ossification (Haematoxylin and Eosin, X200).

be dispersed via irrigation fluids and inadvertently introduced
into cerebrospinal fluid (CSF) spaces. These microfragments
may become embedded in vascularized areas such as the
choroid plexus, where local osteoinductive factors, including
osteoprogenitor cells, inflammatory cytokines, and growth
factors, may facilitate ectopic bone formation (5,6,14). This
process is believed to involve activation of the Wnt/B-caten-
in signaling pathway, induction of osteoblastic differentiation,
secretion of osteoid matrix, and subsequent mineralization
(3,9).

The hormonal milieu may further influence ossification (7). Es-
trogen, parathyroid hormone, and vitamin D are known regu-
lators of bone turnover and osteoblastic activity. All three pa-
tients in our series were premenopausal women, suggesting
a possible hormonal predisposition that may have contributed
to enhanced osteogenesis (3,7,8,15). Furthermore, the pres-
ence of neovascularized, CSF-rich environments may support
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the survival, integration, and maturation of ectopic bone tis-
sue.

In the third case, the patient’s 25-year history of an untreat-
ed frontal osteoma near the dura suggests prolonged cortical
erosion and dissemination of bone fragments into the ventric-
ular system. This observation supports our hypothesis that
delayed intraventricular ossification may result from chronic,
subclinical migration of bone debris (14).

Surgical Implications and Prevention

The surgical management of intracranial mature bone is tech-
nically demanding. The dense, lamellar architecture of mature
bone resists fragmentation by conventional aspiration tech-
niques. In our cases, ultrasonic aspirators were ineffective,
necessitating the use of microrongeurs and surgical rasps for
adequate debulking and removal.

To minimize the risk of iatrogenic ossification, we recommend
the following intraoperative strategies:

¢ Continuous irrigation and suction during bony drilling to
promptly remove bone dust

* Placement of moist cottonoids around the operative field
to localize particulate debris

* Meticulous sealing of any breach into the ventricular
system or subarachnoid space to prevent contamination

* Prophylactic application of bone wax or fibrin sealant
over drilled surfaces, particularly near CSF pathways, as
suggested by previous studies (4,6).

Additionally, surgeons should consider resecting asymptom-
atic exophytic bone lesions located adjacent to CSF compart-
ments, as these may serve as a source of osseous debris with
delayed consequences.

This case series highlights three distinct presentations of in-
tracranial mature bone formation, each with a different under-
lying etiology: a midline mature teratoma, a reactive calcifying
pseudotumor, and a suspected case of iatrogenic ossification
due to bone dust migration. Notably, the third case provides
compelling circumstantial support for a novel pathophysiolog-



ical mechanism involving the chronic introduction and osteo-
genic transformation of bone dust within the fourth ventricle.

B CONCLUSION

These findings underscore the need for heightened intraoper-
ative vigilance during cranial drilling, particularly in procedures
involving proximity to CSF spaces. Preventive strategies
aimed at minimizing particulate dissemination should be in-
corporated as standard practice to reduce the risk of delayed,
ectopic bone formation. Given the potential for such lesions to
mimic neoplastic or vascular pathology, neurosurgeons must
remain aware of this rare but clinically significant phenome-
non during diagnosis, surgical planning, and postoperative
follow-up.
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