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Abstract

Calvarial lesions are rare and can present as a variety of different diseases. The lesions can be palpable on the skin and cause local
pain and paraesthesia and, depending on the location, neurological deficits can also occur. This research aims to present an
overview of typical imaging features as well as neurosurgical management. We examined the charts of patients who underwent
surgery on a calvarial lesion in our department between 2004 and 2017 (n=133). Retrospectively, the pre-, intra-, and postop-
erative data were analyzed with morphological and histological findings and compared with each other. Pain, swelling, cosmet-
ically disturbing, and neurological deficits were the main complaints. Seventy-seven lesions were limited to the bone, while
another 56 lesions showed an infiltrating growth in the adjacent tissue. Depending on the clinical signs and suspected diagnosis, a
biopsy, a partial removal, or a complete resection was performed. Histiocytosis (#=20), meningiomas (1#=20), metastases (n=19),
and osteomas (n=16) were the most common lesions. Fibrous dysplasia (n=6) and intraosseous hemangioma (n=9) were less
common; other lesions were present only in isolated cases. Imaging features may suggest the lesion to be benign or malignant, but
the diagnosis can be only confirmed by histological examination. The surgical strategy depends on the complaints, location of the
lesion, and suspected diagnosis. Adjuvant treatment should be initiated according to the histological findings.
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Introduction

Intraosseous lesions of the calvarium are often slow, progres-
sive processes that manifested in swelling, local pain, or sen-
sitivity disorders. Asymptomatic processes are often described
as random findings in the imaging. A variety of diseases can
hide behind such a lesion. We distinguish between lesions that
originate primarily from the bone and those that present a
secondary bone infiltration. Depending on the author, the first
category is divided into three or four subcategories: primary
neoplasia (in individual papers already divided into good and
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malignant primary neoplasia), secondary neoplasia, and
tumor-like lesions [17, 22]. Using adequate imaging as com-
puted tomography (CT) and magnetic resonance imaging
(MRI), suspicions can be drawn about the dignity of the pres-
ent lesion, especially if the clinical symptoms and the case
history of the patients are included [8, 12, 14]. A definitive
diagnosis of a lesion can be only made based on histopatho-
logical examination. The clinical management methods of
calvarial lesions differ greatly depending on the underlying
entity [17]. Most benign lesions, such as osteomas, meningi-
omas, or intraosseous hemangiomas, can usually be complete-
ly resected and do not need further treatment [5, 16, 18, 23].
However, malignant lesions, such as metastasis or osteolysis
in plasmacytoma, potentially require an adjuvant therapy such
as chemotherapy, immunotherapy, or radiation [3, 17]. Rare
diseases such as histiocytosis require individual diagnostic
and therapeutic evaluations [2, 20].

Since calvarial lesions are rare diseases in neurosurgery,
only a few single-case reports and reviews have been pub-
lished. This research aims to present an overview of calvarial
lesions based on typical imaging features and the histopatho-
logical results, as well as the neurosurgical management.
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Materials and methods

Included are all children and adults with lesion of the
clavarium and orbita who were operated in our department
between 2004 and 2017. The pre-, intra-, and postoperative
data, as well as the imaging and histopathological findings,
have been analyzed retrospectively. All patients with solitary
lesions at the skull base were excluded. Since this is a surgical
series, patients who have been treated only conservatively are
not included. This case series does not claim to be a presen-
tation of all possible disease entities.

All statistical tests were performed using JMP 13 (SAS
Institute Inc., Cary, NC). Descriptive data are shown as mean,
standard deviation (SD), and percentage.

Results
Pre- and intraoperative evaluation

A total of 133 patients were operated, 74 of whom were wom-
en, and 59 were men. The age distribution of 0-95 years is
homogeneously distributed over all decades with a mean of 42
years and a standard deviation (SD) of 24.7 (Fig. la).

The patients’ main complaints (Fig. 1b) were swelling
(n=91; 68%), pain (n=61; 46%), and subjective cosmetic im-
pairment (n=58; 44%). Rarely represented were focal neuro-
logical deficits (FND) (n=22; 17%), feelings of tension of the
skin (n=21; 16%), exophthalmos (n=8; 6%), diplopia (n=7,
5%), and dents in the skin (n=4; 3%). Only 23 patients have
not complained of any symptoms.

The location of the lesions is distributed in every part of the
skull with a clear frontal prevalence (n=55; 41%). Parietal
(n=26; 19%), occipital (n=20; 15%), orbital (n=12; 9%), su-
tural (n=7; 5%), and temporal (n=4; 3%) lesions are rarer. In
two newborns, a lesion was found directly on the fontanel
(1.5%).

All patients, except the two newborns, have received pre-
operative cranial imaging using CT and MRI with and without
contrast enhancement. The newborns were dispensed with CT
diagnostics. Also, an X-ray, sonography, PET-CT, or bone
scintigraphy was performed preoperatively in individual
cases. The typical findings for the lesions are described in
Table 1 after the classification of the postoperatively obtained
histology.

A complete resection has been achieved in 80% of cases
(n=107). A partial removal was performed in 14% (n=18), a
biopsy in 6% (n=8) of cases. Intraoperative complications
have only occurred in a few cases: intraoperative bleeding in
10 patients (7%; histologically metastasis, meningiomas, epi-
dermal cyst, and melanoma), of which 3 are due to a sinus
injury (2%). Accidental opening of the dura mater occurred in
7 patients (5%).

@ Springer

Fifty-eight percent of the lesions (n=77) were limited
to the bone. The remaining lesions (n=56; 42%) have
shown an infiltrating growth in the adjacent tissue, espe-
cially in the dura in 32% of cases (n=43). Infiltration up
to arachnoid mater has been shown in 1.5% of cases
(n=2), up to the brain in 12% of cases (n=16).
Extracranially, infiltration to the skin has been shown in
10% of cases (n=13), to the subcutaneous tissue in 4% of
cases (n=5), to the muscles in 1.5% of cases (n=2), and to
the galea in 9% of cases (n=12). The described macro-
scopic peculiarities of the respective lesions are listed in
Table 1.

Postoperative course

The final histopathological results are listed in Table 1.
Postoperative complications have occurred in <5% of cases:
cerebrospinal fluid fistula in 4% (n=5), temporary neurologi-
cal deficits in 3% (n=4), sinus thrombosis in 2% (n=3), wound
healing disorders in 1.5% (n=2), and an epidural hematoma in
0.75% of cases (n=1). In the documented follow-ups (FU) (3—
120 months), 10% of patients (n=14) still reported pain or
pressure at the site of surgery, 4% (n=5) paresthesia, and an-
other 4% (n=5) still had a slight swelling in the surgical area.
No permanent neurological disorders or deaths occurred.

In patients with primary neoplasia (55%; n=73; Table 1), a
complete resection was performed in 44% (n=59) of cases
without developing a recurrence (FU 3—120 months, mean
32, SD 31). Partial resected meningiomas have a stable resid-
ual result in 6% (n=8) of cases (FU 3—57 months, mean 25, SD
19.4). In 4.5% of cases (n=6; 5 meningiomas and 1 epider-
moid), there was a recurrence within 12—72 months (mean 29,
SD 24). The meningiomas needed an adjuvant therapy, and
the recurrent epidermoid has been resected again.

Secondary neoplasia (18%; n=24; Table 1) has been
completely resected in 7.5% (n=10) of cases (FU 3—-9 months,
mean 5, SD 2.5). Adjuvant therapy has occurred in 12%
(n=16) of cases, of which 1.5% of cases remained stable
(n=2, histologically metastases, FU 36 months), 0.75% de-
creasing (n=1, histologically plasmacytoma, FU 28 months),
and 5% have shown recurrent growth (n=7, histologically me-
tastases, squamous cell carcinoma, and melanoma; FU 3-84
months, mean 34, SD 31). Four percent (n=5) have been op-
eratively resected again, 1.5% of which (n=2) were only on
the scalp (squamous cell carcinoma).

Tumor-like lesions (27%; n=36; Table 1) have been
completely resected in 19.5% of cases (n=26) without recur-
rence (FU 3—114 months, mean 43, SD 35). In 4.5% of cases
(n=0, histologically fibrous dysplasia, Gorham-Stout disease,
Paget’s disease, histiocytosis; FU 4-95 months, mean 40, SD
39), a further treatment was performed with a stable course. In
this group, recurrence has not been observed.

Eight patients (6%) got lost from FU.
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Fig. 1 a Age distribution in years.
b Preoperative complaints. FND,
focal neurological deficits
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Discussion

The series of calvarial lesions presented here shows a variety
of different entities (Table 1). Their incidence correlates with
the cases already published [8, 9, 14, 17]. Depending on the
author, the lesions that primarily originate from the bone are
divided into three or four subcategories: primary neoplasia (in
individual papers already divided into good and malignant
primary neoplasia), secondary neoplasia, and tumor-like le-
sions [17, 22].

Primary osseous neoplasia come from the bone and are
distinguished into benign and malignant lesions. Primary ma-
lignant lesions such as chordomas or sarcomas are not repre-
sented in our series, since they are frequently located at the
skull base. Because a complete resection is not always possi-
ble, it is advisable to perform at least one biopsy or extended
removal to ensure the diagnosis and initiate adjuvant treatment
[9, 10]. The most common benign lesions include meningio-
mas (Fig. 2a—d), osteomas (Fig. 2f), and intraosseous heman-
giomas (Fig. 2e). Osteomas (Fig. 2f) grow slowly and are
located on the tabula externa. The main complaints are the
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cosmetically disturbing swelling, less than the pain. If they
are localized at the orbita, diplopia can occur [1]. Imaging
shows a densely compact bone growth. No further treatment
is necessary after a complete resection and there is an extreme-
ly low risk of recurrence [8, 9, 14]. Intraosseous hemangiomas
(Fig. 2e) are described in the literature more in women. As
long as they are limited to the bone, they are often an asymp-
tomatic random result [15, 16, 18]. Further growth can cause
painful swelling. A typical “sunburst” phenomenon is shown
in the CT [18]. In the MRI, a variable arterio-venous contrast
enhancement is described [8]. Complete resection down to
healthy bone is recommended to minimize the recurrence risk
[8,9, 14, 15, 17, 18]. Meningiomas (Fig. 2a—d) are among the
most common benign intracranial tumors. However, about 2%
of meningiomas grow ectopic in the bone and infiltrate the
adjacent tissue only secondarily [5, 25]. Typical imaging find-
ings are calcifications, homogeneous contrast enhancement,
edema, and a dural tail [8, 9, 14]. Our series includes different
WHO grade of meningiomas, which also have significant dif-
ferent infiltrating growth. Adequate preoperative imaging is
essential to minimize the intraoperative and postoperative risk

@ Springer
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for the patient. A complete resection is also recommended for
meningiomas. [fthis is not possible, appropriate adjuvant ther-
apy should be evaluated depending on the histology [5].

The most common entities of secondary neoplasia are me-
tastasis (Fig. 3a—b) of different primary carcinomas. In most
cases, they are asymptomatic and stand out as random find-
ings in the regular staging examinations. Patients can develop
pain when the periost is infiltrated. By intracranial growth, the
patients can also develop neurological deficits. Typical of the
imaging are irregular osteolysis with remodeling of the bone, a
variable contrast enhancement, and signs of a co-reaction of
the surrounding tissue, for example, a perifocal edema [8, 9,
14, 22]. A complete resection must be sought, and subse-
quently, an adjuvant treatment should be started depending
on the primary carcinoma [13, 17, 22]. The osteoclastic de-
fects of a plasmacytoma (Fig. 3d) also fall into the category of
secondary neoplasia. Typical are pure osteolysis without re-
modeling of the bone [8]. Surgical resection with cover of the
bone defect is recommended. In the event of systemic infes-
tation, further treatment of the disease is necessary. In the
scenario of a solitary manifestation and complete surgical re-
section, close-meshed follow-ups are necessary. In this case,
further treatment is controversially discussed in the literature
[3, 6, 11, 19]. In the case of a histologically secured secondary
neoplasia, a staging examination with whole body CT scan
should be performed in order to evaluate the spread of the
disease and detect other possible bone lesions.

In the group of tumor-like lesions, there are, in particular,
histiocytosis (Fig. 4a-b), especially eosinophilic granuloma,
and metabolic disorders, such as fibrous dysplasia (Fig. 4c—e).
Histiocytosis (Fig. 4a—b) is a group of diseases with an in-
creased proliferation of macrophages. Typical imaging find-
ings are osteolysis with singular bone fragments within the
lesion, as a sign of irregular bone destruction. MRI shows a
homogeneous contrast enhancement limited to the bone with-
out a co-reaction of the dura or perifocal edema (Table 1) [8, 9,
20]. The diagnosis can only be secured histologically. After
this, a staging should been performed. If the lesion is isolated
at the skull, no further therapy is necessary, but for multifocal
manifestations, chemotherapy and radiotherapy are recom-
mended [2, 20]. Another known bone malformation is fibrous
dysplasia (Fig. 4c—e), which is due to overactivity of osteo-
clasts and leads to disturbed bone differentiation [7]. The mal-
formation can affect all bones of the body, including the skull.
Patients often complain of severe pain and have swelling or
fractures. A distinction is made between the monostotic form
(Fig. 4c—d), which can be treated by surgical resection and
covering the defect [4], from the polyostotic form (Fig. 4e),
in which symptomatic treatment with analgesics and
bisphosphonates takes place. In the polyostotic form, only
partial removal makes sense if important structures are com-
pressed and patients develop complaints [7]. A typical finding
in the CT-scan is ground-glass opacities [4, 8, 17].

Macroscopically intraoperative

Other imaging methods

diffuse enhancement with time-delayed filling

- MRI: in T2 heterogeneous hyperintense signal, in T1 with contrast agent

Table 1 (continued)
Tomography findings

CT and MRI
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Fig. 2 Primary neoplasia. a + b
Intraosseous meningioma WHO
L. ¢ + b Meningioma WHO Grad
III with infiltrative growth. e
Intraosseous hemangioma. f
Osteoma

In our series, secondary, the bone-infiltrating lesions also
occurred, such as squamous cell carcinoma and malignant
melanoma (Fig. 3c). These, too, have an osteolytic growth;
depending on the stage of the disease, the infiltration can
range from the skin to intracranial. Surgical resection and
cover of the defect with subsequent systemic adjuvant therapy
must be planned [21, 24].

Based on the imaging, suspicions of the underlying lesion
can be obtained (Table 1 and Figs. 2, 3, and 4). The limits of a
lesion can suggest conclusions about the speed of growth:
smooth edges and a homogeneous internal structure mark
more of a benign, slowly growing process; irregular edges
with inhomogeneous internal structure point, rather, to a

@ Springer

malignant, fast-growing process. Also, slowly growing le-
sions are usually limited to the bone, while fast-growing show
an infiltrating growth in adjacent tissue. With the administra-
tion of a contrast agent, further conclusions can be drawn
about the dignity of the lesion. While reactive or scarring
changes in the dura have a linear, homogeneous contrast en-
hancement, tumor infiltration is often characterized by irregu-
lar, inhomogeneous contrast enhancement. If the dura looks
distant from the bone and, thus, the epidural space is visible, a
dura infiltration is unlikely [8, 9, 12, 14, 17].

The management of patients with calvarial lesions should
be interdisciplinary, as with other oncological diseases. The
general practitioner is usually the first contact for the patient,
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Fig.3 Secondary neoplasia. a + b Metastasis. ¢ Malignant melanoma with infiltrative growth and bone destruction. d Osteolytic lesion in plasmacytoma

as the lesions are often random results and there are no com-
plaints. To draw conclusions about the possible entity of the
lesion, a targeted image is required [8, 9, 12, 14, 17]. The
suspected diagnoses can be limited and the further procedure
planned. In any case, a surgical extraction of a tissue sample is
necessary to ensure the diagnosis. If properly planned, the
operation is a low-risk procedure without significant morbid-
ity and mortality [12, 17, 22]. Important imaging aspects are,
in particular, the extension of possible infiltration and the
course of the large blood vessels, especially intracranially of
the sinus. A precisely planned surgical procedure minimized
the risks of bleedings and the intraoperative blood loss.
Therefore, we recommend the implementation of a CT and
MRI with and without contrast agent. In case of lesions near

larger blood vessels, a CT or MR angiography or
phlebography should also occur. Some lesions can have a
similar extension on the bone, but differ significantly in their
intracranial spreading (Fig. 2a—b vs c—d). The medical history,
clinical complaints, and differential diagnoses must be taken
into account together to evaluate the urgency of histological
examination. While an underlying carcinoma requires a timely
confirmation of a possible metastasis to initiate a targeted
adjuvant treatment, in the case of a purely intraosseous lesion
with a homogeneous internal structure and without any co-
reaction of the adjacent tissue and without any complaints,
an initial follow-up observation is also acceptable and surgical
care is not urgent. If an operation takes place, a complete
resection with cover of the defect must be planned.

Fig. 4 Tumor-like lesions. a + b Histocytosis. ¢ + d Monostotic fibrous dysplasia. e Polyostotic fibrous dysplasia
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