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Intraosseous vascular malformation of the skull: a
case report and literature review
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A 59-year-old woman presented to our clinic with a 3.5x 3-cm protruding mass on her forehead. A skull X-ray revealed a radiolucent osteo-
lytic lesion on the left side of the frontal bone. Additionally, computed tomography showed a 3.1x 1.7 x 3.6-cm mass exhibiting a “sunburst”
pattern situated between the outer and inner tables of the skull, just superior and lateral to the left frontal sinus. This pattern suggested
the presence of an intraosseous vascular malformation (IVM). The lesion was approached via a bicoronal incision. En-bloc resection was
performed, removing the mass along with approximately 0.5 cm of the surrounding normal bone without injury to the exposed frontal sinus
mucosa. The exposed mucosa was reinforced with a galeal flap, and cranioplasty with bone cement was performed to repair the resulting
bony defect. Pathological examination confirmed a diagnosis of intraosseous cavernous-type malformation with mixed cavernous and cap-
illary histological features. We report this case of IVM and review the existing literature, highlighting the satisfactory functional and aes-
thetic outcomes after surgery.

Abbreviations: CCM, cerebral cavernous malformation; CT, computed tomography; [VM, intraosseous vascular malformation; MRI, mag-

netic resonance imaging; PEEK, polyetheretherketone; PMMA, polymethylmethacrylate
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INTRODUCTION

Intraosseous vascular malformation (IVM) is a rare, benign,
slow-growing skeletal tumor that can occur at any age but is
more commonly seen in middle-aged individuals, with the high-
est incidence in the fourth decade of life. IVM most frequently
affects the vertebral column; in contrast, IVM of the skull is rela-
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tively rare, representing only 0.2% of all primary benign cranial
tumors [1]. IVM was first characterized in the medical literature
by Toynbee in 1845 [2], who described vascular tumors develop-
ing within the bone substance. The first operation performed to
treat such a tumor was reported in 1894 by Pilcher [3].

The frontal bone is the cranial site most frequently affected by
IVM, followed by the parietal bone [4]. The pathogenesis of this
condition remains unclear, but it is thought to be either congen-
ital or associated with prior trauma [5,6]. In this report, we
present a case of IVM of the frontal bone, specifically involving
the bony component of the frontal sinus. The lesion was com-
pletely removed without injury to the frontal sinus mucosa.

CASE REPORT

A 59-year-old woman presented to our clinic with a 3.5x 3-cm
protruding mass on her forehead (Fig. 1). The mass was pain-
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Fig. 1. A 59-year-old woman with an intraosseous vascular malfor-
mation on the left side of the frontal bone. (A) Preoperative appear-
ance. (B) A photograph after 6 months of en-bloc resection and cra-
nioplasty using bone cement.

Fig. 2. Preoperative X-ray and three-dimensional computed tomog-
raphy (CT) scan. (A) Skull X-ray shows a radiolucent osteolytic le-
sion on the left side of the frontal bone. (B) A coronal view of the
CT scan shows a well-circumscribed hyperdense mass upper lateral
to the left frontal sinus with a “sunburst” pattern.

Fig. 3. Intraoperative photographs. (A) A 3x3.2 cm-sized mass on the left side of the frontal bone. (B) The frontal sinus mucosa was reinforced
with a galeal flap. (C) The 4x4.1 cm-sized bone defect was covered with cranioplasty using bone cement.

Fig. 4. Typical pathologic features of the intraosseous vascular mal-
formation show destroyed bony trabeculae (red color *A in this pic-
ture) and aberrant loose fibrous stroma (pale bluish color *B). The
loose fibrous stroma has many cystic lumina with dilated capillaries
and tiny red blood cells as well as expanded stroma (H&E, x40).

less and slow-growing, and the patient displayed no other symp-
toms, including neurological deficits. The mass was hard, im-
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mobile, non-pulsatile, and non-tender, with the overlying skin
appearing normal and similar in color to the surrounding facial
skin. The patient had no history of head trauma. The mass had
appeared spontaneously 10 years prior and had grown over time
without treatment. Skull X-ray revealed a radiolucent osteolytic
lesion on the left side of the frontal bone. Additionally, comput-
ed tomography (CT) showed a 3.1x 1.7 x 3.6-cm mass with a
“sunburst” pattern situated between the outer and inner tables
of the skull and located superior and lateral to the left frontal si-
nus. These findings were indicative of an IVM (Fig. 2). Conse-
quently, we collaborated with a neurosurgery team for surgical
treatment. The lesion was approached via a bicoronal incision,
and en-bloc resection was performed with a margin of approxi-
mately 0.5 cm of normal bone. Due to the proximity of the le-
sion to the left frontal sinus, exposure of the sinus mucosa was
unavoidable, but this structure was not injured (Fig. 3A). The
exposed mucosa was reinforced with a galeal flap (Fig. 3B). To
address the resulting 4 x 4.1-cm bone defect, cranioplasty was
performed using bone cement (Fig. 3C). Pathological examina-
tion confirmed a diagnosis of intraosseous cavernous-type mal-
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formation with mixed cavernous and capillary histological fea-
tures (Fig. 4). Throughout 6 months of follow-up, the patient
showed no cosmetic impairment and displayed no clinical or
radiological signs of recurrence (Fig. 1B).

LITERATURE REVIEW

IVM is a rare type of bone tumor, representing 0.7% to 1.0% of
all bone tumors. These tumors are most commonly located in
the vertebral column and are infrequently observed in the skull.
IVMs tend to be observed in the fourth decade of life and ex-
hibit a female predominance, with a male-to-female ratio of
1:1.67. Within the skull, the frontal bone is the most frequently
affected, followed by the parietal and occipital bones [4].

The exact pathogenesis of IVM remains elusive, but it is thought
to involve a combination of genetic factors and anomalies in an-
giogenesis. In one report, Vargel et al. [5] indicated that their cas-
es were associated with specific genetic mutations. For instance,
mutations in the cerebral cavernous malformation (CCM) genes
CCM1, CCM2, or CCM3 have been linked to CCMs, which may
also involve IVMs. These genes play a role in the regulation of
blood vessel formation and the maintenance of endothelial cell
integrity. Separately, Yu et al. [6] suggested that IVM may be re-
lated to prior trauma or injury to the affected bone. This theory
posits that trauma disrupts the normal vascular architecture,
leading to the development of cavernous malformations within
the bone. However, recent cases of IVM with no history of trau-
ma challenge this hypothesis [7,8]. Importantly, the pathogenesis
of IVM i still a subject of ongoing research, and more studies are
necessary to fully elucidate the mechanisms involved.

IVM of the skull is typically asymptomatic, and neurological
deficits are rare. However, the clinical manifestations can vary
depending on the lesion’s location and size. As the mass grows,
nonspecific headaches may develop. In cases of IVM affecting
the frontal and orbital bones, patients may experience propto-
sis, blepharoptosis, restricted eye movement, and even vision
loss. When IVM invades the petrous or sphenoid bones, indi-
viduals may present with hearing loss, pulsatile tinnitus, inter-
mittent vertigo, and facial nerve paralysis [6].

Preoperative radiological examinations for cranial IVM typi-
cally include plain skull X-rays, CT, and magnetic resonance
imaging (MRI). Skull X-ray often reveals an oval or round,
well-defined lesion with a “honeycomb” appearance in direct
view, or a “sunburst” pattern emanating from a central point in
tangential view. CT is particularly crucial as it provides detailed
images of the cortical and trabecular bone [4]. Sharma et al. [9]
have noted that skull IVMs tend to grow through expansion of
the outer table, accompanied by erosion, while the inner table
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generally remains intact. However, some recent cases have in-
cluded the invasion and destruction of the inner table [4]. Fur-
thermore, brain MRI is extremely valuable for assessing skull
IVMs, as it reveals the depth of the tumor and its relationship
with adjacent soft tissues [10].

The definitive diagnosis of IVM can only be established
through pathological evaluation following excisional biopsy.
This is because even typical radiological features, such as the
“sunburst” pattern, require differential diagnosis to exclude
other diseases. Skull IVMs must be differentiated from other
slow-growing osteolytic lesions, which include calvarial menin-
gioma, Langerhans cell histiocytosis, fibrous dysplasia, osteoma,
dermoid cyst, osteogenic sarcoma, and metastasis [4,9].

Treatment approaches for IVM include radiotherapy, curet-
tage, endovascular embolization, and surgical removal. Curet-
tage has fallen out of favor due to the potential risk of intraop-
erative blood loss and recurrence. En-bloc resection is consid-
ered the gold standard for treating IVM, as it not only alleviates
the mass effect and achieves a cosmetically satisfactory outcome
but also minimizes the risk of bleeding by avoiding disruption
of the sinusoids. Preoperative endovascular embolization is rec-
ommended to improve the resectability of skull IVMs by reduc-
ing their vascularity and firmness [11]. Additionally, endovas-
cular embolization can serve as a palliative treatment for unre-
sectable or inaccessible skull IVMs. For instance, Garcia-Marin
et al. [12] described a case of IVM in the occipital condyle that
was managed with direct surgical embolization to circumvent
the need for condylectomy and instrumental craniocervical sta-
bilization. While radiotherapy may impede tumor growth, it
does not reduce tumor volume, and it can lead to scar forma-
tion and impaired bone growth in pediatric patients. Radio-
therapy therefore is typically reserved for patients with unre-
sectable skull base lesions or residual tumors following subtotal
resections [4].

DISCUSSION

The patient in our case presented with a protruding, slow-
growing mass on her forehead that had been present for 10
years. She experienced no symptoms and showed no signs of
infection or inflammation; rather, she visited our clinic seeking
cosmetic improvement.

In this case, CT revealed trabecular thickening with a sunburst
pattern affecting the outer table and causing erosion, while the
inner table remained intact. Additionally, the CT scan displayed
the characteristic “sunburst” pattern, a typical radiologic feature
of skull IVM. We performed en-bloc resection with a margin of
approximately 0.5 cm of normal bone, immediately followed by
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cranioplasty using bone cement. Naama et al. [13] recommend
excising IVMs with a 1-cm margin of uninvolved bone to pre-
vent recurrence and significant bleeding. However, in our case,
significant bleeding was not encountered, and pathologic find-
ings confirmed that the resection margins were clear.

After en-bloc resection, immediate reconstruction is neces-
sary to ensure cerebral protection, healthy soft tissue coverage,
and adequate cosmesis. Reconstructive materials include autol-
ogous bone (either vascularized or non-vascularized) and allo-
plastic mediums such as titanium, polymethylmethacrylate
(PMMA), and polyetheretherketone (PEEK) [14-16]. Autolo-
gous bone is considered the gold standard for cranioplasty be-
cause of its resistance to infection. However, its use is con-
strained by limited availability, potential donor-site morbidity,
and challenges in achieving the desired contour [17]. In con-
trast, alloplastic implants are widely available, mechanically du-
rable, and easier to shape, but they are more prone to infection
and extrusion [15]. In the case presented, cranioplasty was re-
quired to address a 4 x4.1-cm bone defect resulting from the
en-bloc resection and galeal flap. Given the relatively small na-
ture of the bone defect, we opted to use bone cement for the
cranioplasty. Throughout 6 months of follow-up, the patient
experienced no postoperative complications. The results were
both functionally and aesthetically satisfactory.

Nowadays, with the advancement of various materials, PEEK
has been increasingly utilized for cranioplasty, as highlighted
previously. Its appeal lies in its strong, thermoplastic properties,
resistance to aggressive sterilization, and bone-like elasticity
[15,16]. Furthermore, high-resolution CT scans provide data
enabling the precise recreation of the defect on a computer-
generated model. This allows for the creation of a custom-made
(patient-specific) implant that fits the defect exactly [15,16,18].
With such developments, we anticipate achieving both func-
tional and aesthetic outcomes in the removal and reconstruc-
tion of skull IVMs, of various sizes and locations.
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