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ABSTRACT

Background Although a wide range of processes along the
neurocranium are of a benign nature, there are often difficul-
ties in the differential diagnosis.

Method In the review CT/MRI scans of the head were eval-
uated retrospectively regarding solitary lesions along the neu-
rocranium. The majority of the lesions were histologically
proven.

Results The purpose of the review is to present typical
pathologies of the neurocranium and provide a systematic
overview based on 12 entities, their locations, prevalence
and radiological characteristics.

Conclusion Processes, which primarily originate from the
neurocranium have to be differentiated from secondary pro-
cesses infiltrating the neurocranium. For this important diag-
nostic feature, MRI is typically essential, while the definitive
diagnosis is often made on the basis of the medical history
and the typical appearance on computer tomography.

Key Points

= There are often difficulties in the precise differential diag-
nosis of solitary lesions along the neurocranium. Typical
solitary pathologies of the neurocranium based on 12
entities were presented. Both magnetic resonance imag-
ing and computed tomography are often essential for an
exact differential diagnosis.
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ZUSAMMENFASSUNG

Hintergrund Obgleich eine Vielzahl von Prozessen am Neu-
rokranium Zufallsbefunde gutartiger Natur sind, gibt ist es
dennoch héufig Schwierigkeiten bei der genaueren artdiag-
nostischen Einordnung.

Methode Im Rahmen der Ubersichtsarbeit wurden retro-
spektiv CT/MRT des Schddels beziiglich solitdrer Lasionen des
Neurokraniums ausgewertet. Die Mehrzahl der Ldsionen wur-
den histologisch gesichert.

Ergebnisse Ziel war es, typische lokale Pathologien des Neu-
rokraniums darzustellen und anhand von 12 Entitdten, deren
Lokalisationen, Haufigkeiten und radiologischen Besonderhei-
ten einen systematischen Uberblick zu geben.
Schlussfolgerung Unterschieden werden miissen Prozesse,
die primar vom Neurokranium ausgehen, von sekundaren
Prozessen, die das Neurokranium infiltrieren. Fir dieses wich-
tige diagnostische Merkmal ist die MRT meistens unverzicht-
bar, wahrend die definitive Diagnose dann unter Beriicksichti-
gung der Anamnese mit dem typischen Erscheinungsbild in
der CT haufig gestellt werden kann.
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Introduction

There are generalized and focal diseases of the neurocranium with
the latter being able to be further classified as multiple or solitary.
Reactive, inflammatory, and tumorous processes are etiologically
differentiated from metabolic disorders and systemic diseases
which usually occur in a generalized or multiple manner. Solitary
lesions of the neurocranium are often identified as asymptomatic
incidental radiological findings.

Primary calvarial tumors comprise approx. 0.8 % of all bone
tumors [1], while secondary manifestations of a primary disease
(e. g. metastases) or infiltrative processes from an adjacent region
(e.g. meningiomas) are more common.

In the differential diagnosis it is often important to take into
consideration whether there is a relationship to other anatomical
compartments, such as the paranasal sinuses, the mastoids, the
meninges, adjacent vascular structures or the galea.

Calvarial lesions are often detected as incidental findings on
cranial magnetic resonance imaging (MRI) or computed tomog-
raphy (CT). Using CT, typical findings of classic diseases (e.qg.
hemangioma, osteoma, eosinophilic granuloma, and fibrous dys-
plasia) can be confidently diagnosed usually without additional
imaging. Since the appearance on MRI is usually not particularly
characteristic, a supplementary CT scan is often required.

While computed tomography can visualize bone destruction or
a mineralized tumor matrix in particular [2], MRl is used due to the
better soft tissue contrast for tissue characterization, spatial
assignment to compartments, and visualization of an extraos-
seous component [3].

Classic skull X-rays are no longer used.

Venous or arterial cerebral MR and CT angiography or digital
subtraction angiography (DSA) is used in primary vascular proces-
ses, infiltration of the large venous sinuses, or for treatment plan-
ning [4].

In the overview article, approx. 3500 CT/MRI scans of the cra-
nium from the period 2008 - 2013 were retrospectively evaluated
by two experts (in radiology and neuroradiology) regarding pro-
cesses in the neurocranium. Many of the lesions were histological-
ly confirmed.

The goal of this overview article is to visualize typical solitary
focal pathologies of the neurocranium and to provide a systema-
tic overview of their locations, frequency, and radiological fea-
tures on the basis of 12 entities (» Fig. 1).

For radiological diagnosis, lesions of the neurocranium should
always be considered in connection with relevant clinical informa-
tion. This includes patient age, clinical symptoms, and patient his-
tory regarding previous trauma, a primary disease and abnormal
lab results. The evaluation of characteristic radiological features
can help to narrow down the differential diagnoses [5].
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» Fig. 1 Different entities of lesions of the neurocranium.

Intraosseous meningioma

Definition and location

Intraosseous meningiomas can be defined as neoplastic lesions
with the greatest tumor portion located in bone with or without
a moderate dural component.

Comprising 20 % of all primary intracranial tumors, meningio-
mas are common entities usually located in the subdural space. In
less than 1% of cases, meningiomas are extradural ectopic menin-
giomas in subcutaneous tissue, the main nasal cavities or parana-
sal sinuses, the orbital cavity, the salivary glands, or the diploe of
the cranial bone [6]. In the latter case, they are referred to as
intraosseous meningiomas [7]. Intraosseous meningiomas make
up 14 % of primary extradural meningiomas [8].

Etiologically, intrauterine displacement of meningocytes dur-
ing the closure of midline structures, proliferation of meningo-
cytes near sutures and the foramina, differentiation of Schwann
cells into meningocytes and pluripotent mesenchymal cells are
responsible for intraosseous meningiomas [9].

Imaging

CT usually shows an expansive osteoblastic lesion (» Fig. 2A-C)
with enlargement of the bone. However, osteolytic or mixed
(osteoblastic/osteolytic) subtypes of intraosseous meningioma
have also been described in the literature [10]. The internal table
can also be affected and has an irregular margin [11] (> Fig. 2D-
F). MRI signal behavior is variable on T2-weighted images and is
usually isointense to hypointense in relation to the surrounding
brain tissue on native T1-weighted images. The dura mater can
also be involved in intraosseous meningiomas, depending on the
duration of the disease. Contrast enhancement is seen in this case
(dural tail). Intraosseous meningiomas are visualized in HE-stain-
ing in the histopathological specimen with isomorphic, meningo-
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» Fig.2 Intraosseous meningioma in a 40-year-old woman A-C.

A Axial CT shows a focal osteoblastic lesion with no cortical bone
destruction. B Axial T2-weighted image shows a hypointense lesion
with no extraosseous component of the tumor. C Contrast-en-
hanced T1-weighted image shows no contrast enhancement.
Meningioma in a 55-year-old woman D-F with destruction of the
adjacent bone D Axial T2-weighted image. E presents a large extra-
osseous tumor component with homogeneous enhancement after
contrast media application. F HE-staining of the intraosseous
meningioma. G shows isomorphic, meningothelial differentiated
tumor without characteristics of atypia.

thelial differentiated tumor without characteristics of atypia
(» Fig. 2G).

The first differential diagnosis to be considered is fibrous dys-
plasia. Osteoblastic metastases (primary disease usually known),
Paget's disease and osteoma must also be considered. However,
the internal lamina characteristically has a smooth border in the
case of fibrous dysplasia and an irregular border in the case of
intraosseous meningioma. Fibrous dysplasia tends to occur in
childhood to early adulthood.

Bony infiltration of meningiomas primarily located in the sub-
dural space must be differentiated from intraosseous meningio-
mas. This frequently results in significant erosive changes of the
adjacent bone which complicates the differential diagnosis from
a metastasis.

Key points for clinical practice

Intraosseous meningiomas are a rare entity that is usually asymp-
tomatic and is typically seen on CT as an expansive osteoblastic
lesion in adults. It can be difficult to differentiate from fibrous dys-
plasia or a solitary purely osteoblastic metastasis.

Schéfer M et al. Cross Sectional Imaging... Fortschr Rontgenstr 2017; 189: 1135-1144

Osteoma

Definition and location

Osteomas are the most common benign tumor of the calvaria
[12]. They are very slow growing bone tumors that can be diag-
nosed at any age but are most common in the 4th and 5th decade
of life. However, the predilection sites are typically the paranasal
sinuses, particularly the frontal sinus and the ethmoidal sinuses
[13]. The majority of osteomas occur in the region of the cranial
sutures. Osteomas typically occur at the external table
(» Fig.3A, B). When they arise from the internal table, they can
be confused with a calcified meningioma.

In most cases, osteomas are asymptomatic incidental radiolog-
ical findings. Osteomas of the paranasal sinuses can sometimes be
caused by displacement of the excretory ducts, sinusitis or muco-
celes. In the case of multiple osteomas, autosomal dominant con-
genital Gardner syndrome should be considered.

Imaging

On CT, osteomas have density values almost identical to those of
cortical bone since they are comprised of mature compact bone
with a primarily lamellar structure (» Fig.3C). A hypointense T1
signal, no contrast enhancement, and no soft tissue component
are seen on MRI [14]. In the T2-weighted sequence, the signal
behavior varies depending on the ratio of compact to spongy
bone [4].

Key points for clinical practice

Osteomas have a density identical to that of cortical bone and
arise primarily from the external table often in the region of the
cranial sutures. No contrast enhancement and no soft tissue com-
ponent are seen.

Cavernous hemangioma

Definition and location

As defined by the WHO, hemangiomas are benign lesions com-
prised of newly formed capillary or cavernous blood vessels. There
is a histological difference between capillary and cavernous
hemangiomas with cavernous hemangiomas being present in
adults and capillary hemangiomas in children. Capillary heman-
giomas are comprised of lobules of capillaries with some larger
supply vessels, while cavernous hemangiomas are comprised of
many large thin-walled spaces.

Primary intraosseous hemangiomas are hemangiomas that are
normally located in the medullary cavity and occur most fre-
quently in the vertebral body or the skull cap. These tumor-like
lesions are slow growing and are usually asymptomatic.

Imaging

In the CT bone window, hemangiomas show a well-defined osteo-
lytic lesion with the characteristic trabecular honeycomb pattern
(» Fig. 4A, B) caused by thickened trabeculae bordering the
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» Fig.3 Osteoma of a 71-year-old woman. A Axial CT image on
bone window settings showing a well-defined sclerotic tumor right
occipital arising from the outer and inner cortical table. B Osteoma
of a 45-year-old woman with axial CT image on bone window set-
tings presenting an oval, dense sclerotic lesion related to the outer
table of the left temporal bone. C HE-staining of the osteoma with
compact, thickened lamellar bone; additional gap-like expanded
fatty marrow is identified (arrows).

angiomatous channels. The fine cancellous bone trabeculae have
disappeared and vertically oriented stringy lines of cancellous
bone are clearly visible. The lesion originates in the diploe spaces
and usually shows expansion of the external table. A periosteal
reaction is also rarely seen [15].

After contrast administration, hemangiomas typically show
significant enhancement [16]. However, this does not allow differ-
entiation between capillary and cavernous hemangiomas.

On MRI hemangiomas are visualized with varying signal behav-
ior due to remodeling processes after hemorrhage. On T1-weight-
ed images, asymptomatic hemangiomas are usually hyperintense
as a result of fatty atrophy with a stippled appearance due to the
bony trabecula [17]. In contrast, atypical symptomatic hemangio-
mas have higher vascularity and less fat and therefore show a
reduction in signal intensity on T1-weighted images.

On T2-weighted images, hemangiomas are hyperintense com-
pared to the musculature due to the very slow flowing, at times
stagnant, blood and the fat. The angiographic visualization of
hemangiomas of bone can vary greatly. Some show typical cork-
screw-like vessels (> Fig.4C), while others are completely quies-
cent on angiography. Active hemangiomas can contain arteriove-
nous malformations. However, in principle, AV malformations are
to be differentiated from hemangiomas since they are considered
congenital vascular malformations.

CT and MRIimages of a hemangioma are usually so typical that
there are typically no problems regarding differential diagnosis.
Only atypical hemangiomas can result in difficulties regarding

1138

» Fig.4 Cavernous hemangioma. A, B Axial and sagittal CT image
on bone window settings from a 51-year-old woman showing well-
defined expansive osteolytic lesion with thickened trabecula.

C Angiography of the cavernous hemangioma with hypervasculari-
zation.

the differential diagnosis due to the minimal amount of fat and
the occasional clinical symptoms.

Key points for clinical practice

Cavernous hemangiomas are a relatively common incidental find-
ing of an osteolytic lesion with the characteristic honeycomb tra-
becular pattern. This vascular tumor-like lesion has a typical
appearance on T1-weighted images due to the high amount of
fatty atrophy and is usually asymptomatic. In contrast, atypical
symptomatic hemangiomas have higher vascularity and less fat
and therefore show a reduction in signal intensity on T1-weighted
images.

Epidermoid cyst

Definition and location

Epidermoid cysts are the result of a dysontogenetic developmen-
tal disorder in which the entrapment of ectodermal elements
results in a non-neoplastic mass containing an epidermis-like cyst
wall and keratin lamellae. These cysts are usually caused by
incomplete cell division of the neural tissue from the cutaneous
external germ layer in the 3 rd to 5th week of gestation but can
also be caused in rare cases by trauma or surgery [18]. Epidermoid
cysts are usually asymptomatic and first appear in adulthood due
to their protracted linear growth [4]. Epidermoid cysts occur most
commonly in the cerebellopontine angle (37 %), the parasellar
region (30 %), and less commonly also in the middle cranial fossa
[19]. However, approximately 10 % of epidermoid cysts are also
extradural and usually intraosseous (within the diploe). In the his-
topathological specimen, HE-staining demonstrates parts of an
epidermoid cyst with a keratinized epithelium and keratin lamel-
lae (> Fig. 5 D). Both the epithelial cyst wall and the keratin lamel-
lae express the pan-cytokeratin marker AE1/3 (> Fig. 5E).

Imaging

On CT, epidermoid cysts are visualized as hypodense, lobulated,
osteolytic masses in a typical location and usually have a smooth
border with thinning and more rarely rupture of the internal and
external table [1] (> Fig. 5A). The density values of the lesion are
equivalent to those of liquid in T1 and T2 weighting but can vary
depending on protein content and bleeding [20] (> Fig. 5B, C).
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» Fig.5 A Axial CT image on bone window settings. B Axial T2-
weighted image showing a left parietal well-defined expansive
osteolytic lesion in a 19-year-old woman with thinning and breach
of the cortical bone. The content is predominantly high signal on
T2. C Axial contrast-enhanced T1-weighted MR image shows no
contrast enhancement. D HE-staining demonstrates parts of the
epidermoid cyst with keratinizing epithelium (arrows) and kerati-
nized epithelial cells (stars). E AE 1/3-staining: Both the epithelial
cyst wall and keratinized epithelial cells that express the pan-cyto-
keratin marker AE 1/3.

Calcifications are sometimes also seen within the lesion. A narrow
enhanced border that probably corresponds to an inflammatory
response in the periphery is sometimes also seen in epidermoid
cysts after contrast administration. A hyperintense FLAIR and
DWI signal and a correspondingly reduced ADC value are charac-
teristic on the b1000 MRI image.

Key points for clinical practice

Epidermoid cysts are usually asymptomatic and first appear in
adulthood. A hyperintense FLAIR and DWI signal and a corre-
spondingly reduced ADC value are characteristic on the b1000
MRI image.

Arachnoid granulations

Definition and location

Arachnoid granulations are villiform formations of the arachnoid
membrane that protrude into the large intracranial venous sinu-
ses. They appear in the superior sagittal sinus, transverse sinus,
cavernous sinus, and sigmoid sinus in decreasing order of fre-
quency.

They can expand thereby compressing adjacent bone and
cause osteolysis, then sometimes resulting in problems regarding
the differential diagnosis with respect to calvarial metastases, par-
ticularly in the case of patients with corresponding previously
known neoplasias. In addition, circumscribed thrombus in the
transverse sinus is a recurring differential diagnosis. They can rare-
ly become very large (> Fig. 6) and can be confused with a mass.

Schéfer M et al. Cross Sectional Imaging... Fortschr Rontgenstr 2017; 189: 1135-1144

» Fig.6 6-year-old boy with giant arachnoid granulation. A, B Axial
and sagittal T2-weighted images present a hyperintense signal of
the arachnoid granulation at the superior sagittal sinus and cortical
thinning of the adjacent skull but no osteolysis. C Venous MR
angiography shows a large contrast defect.

Imaging

Arachnoid granulations are usually not hyperdense on CT and the
adjacent osteolysis has a smooth border without increased sclero-
sis. They are typically hyperintense on T2w MRI images.

In addition, the typical MRI signs of a thrombus are an isoin-
tense to hyperintense extensive signal in T1 weighting and a sig-
nificant signal reduction in T2*/heme sequences. The main fea-
tures of a large arachnoid granulation are non-contrast-
enhancing granula with central, linear enhancement and sur-
rounding signal-intensive blood on contrast-enhanced CT or MR
venography.

Key points for clinical practice

Arachnoid granulations can sometimes be very large and cause
osteolytic changes to adjacent bone. They must be differentiated
from sinus and cerebral vein thrombosis and osteolysis caused by
a neoplasia.

Fibrous dysplasia

Definition and location

Fibrous dysplasia is an ossification disorder caused by a mutation
and is a non-neoplastic developmental disorder of the bone-form-
ing mesenchymal tissue with incorrect differentiation into mature
bone. Nevertheless, it is classified in newer studies as benign, non-
encapsulated neoplasias [21].

Fibrous dysplasia mainly occurs in childhood and early adult-
hood and can spontaneously resolve after puberty. To date, indi-
vidual cases of osteosarcomatous, fibrosarcomatous and chon-
drosarcomatous degeneration have been observed, with the
probability of degeneration being specified as approx. 0.4 % [22,
23]. According to the literature, fibrous dysplasia is located on
the cranial bones in 15 % of cases, primarily in the region of the
paranasal sinuses and the jaw [24]. It can be monostotic or rarely
polyostotic in various syndromes that typically manifest in child-
hood (e. g. McCune-Albright) [25].

Symptoms can result from the compression of adjacent struc-
tures. Compression of the cranial nerves can occur particularly in
craniofascial dysplasia.
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Imaging

Depending on the distribution of the connective tissue and bone,
computed tomography shows a honeycomb-cystic pattern with
the characteristic, ground glass appearance (> Fig.7A). The
bone typically appears enlarged and ballooned with a thinned cor-
tical bone. The external table is affected more than the internal
table [26]. Speckled calcifications also occur in some cases. The
coexistence of different changes is typical of fibrous dysplasia
but can result is problems regarding differential diagnosis on MRI
and can resemble aggressive lesions. On T2w images, lesions can
appear very hypointense or also extremely hyperintense depend-
ing on the relationship between fibrous tissue and bony matrix
[27]. After contrast administration, enhancement with low signal
intensity tends to be characteristic for these lesions but intense
enhancement is also possible [1] (» Fig. 7B, C).

The diagnosis of fibrous dysplasia can be confidently made in
most cases due to its characteristic appearance on CT. In addition,
the intactness of the cortical bone can be evaluated on CT to dif-
ferentiate from a malignant tumor.

Key points for clinical practice

Fibrous dysplasia is a typical bone lesion in children and adoles-
cents. The diagnosis of fibrous dysplasia can be confidently made
in most cases due to its characteristic ground-glass appearance
on CT.

Osteomyelitis

Definition and location

Osteomyelitis is bone inflammation usually caused by bacteria.
Osteomyelitis of the calvaria, which is very rare, is usually a sec-
ondary disease. It is often caused by an injury or an inflammatory
process in the paranasal sinuses, the mastoids, or the orbital cav-
ity. Osteomyelitis can also rarely occur after neurosurgical inter-
ventions. This can occur 1 to 12 months after an intervention
[28] and is usually caused by Staphylococcus aureus [29]. Purulent
osteomyelitis is acute and chronic. In the initial stage of inflamma-
tion, the bacteria trigger a circumscribed inflammatory response
resulting in localized cell death and ultimately in circumscribed
osteonecrosis. Over time, the infection becomes demarcated
with a margin of granulation tissue and new bone.

Imaging

Osteomyelitis of the calvaria results in focal osteolysis with an
unclear border with a moth-eaten appearance in some cases and
rarely also with formation of a sequestrum. Chronic courses are
also associated with a reaction of the adjacent bone in the form
of increased sclerosis in the surrounding area. Sometimes the
findings are only very minor without major concomitant extraos-
seous findings (> Fig. 8).

Hyperintense edema is often seen in the acute type and
increased sclerosis is seen in the chronic type on T2-weighted
MRI. An extraosseous soft tissue component can be effectively
visualized on MRI. Edema and significant contrast enhancement
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» Fig.7 Fibrous dysplasia in a 20-year-old man. A Axial CT image
shows an expansive intradiploic fronto-temporal lesion with the
typical "ground glass" appearance. B Axial T2-weighted image pre-
sents a low signal intensity lesion. C Axial, contrast-enhanced T1-
weighted image shows areas with and without contrast enhance-
ment.

» Fig.8 Osteomyelitis in a 52-year-old woman. A Axial CT image
shows a moth-eaten destruction of the inner table in the left frontal
bone. B T2-weighted images show a hypointense lesion. C Contrast-
enhanced T1-weighted images present low to intermediate con-
trast enhancement and no empyema.

are typically seen in acute osteomyelitis, while mild contrast
enhancement can often be seen in chronic cases.

Key points for clinical practice

Osteomyelitis of the calvaria is very rare and is usually a secondary
disease. It is often caused by an injury or an inflammatory process.
It results in focal osteolysis with a moth-eaten appearance in some
cases. In the chronic type, it results in increased sclerosis in the
surrounding area, rarely also in the formation of a sequestrum.

Langerhans cell histiocytosis

Definition and location

Langerhans cell histiocytosis (LHC) is a systemic disease of unclear
etiology. However, an intercellular communication defect with a
cytokine imbalance between T-cells and Langerhans cells is under
discussion. Eosinophilic granulomas are the most common and
mildest form [30]. LHC is a generic term for a group of systemic
diseases with different courses and proliferation of dendritic Lan-
gerhans cells and ontogenetically related cell variants [26, 31]. In
general, the disease can affect any organ. However, bone, particu-
larly the calvaria, is most commonly affected [32].

The clinical picture is highly variable and is characterized by the
different organ manifestations. Patients can experience local pain
in the calvaria and have a palpable, growing lesion [33]. However,

Schéfer M et al. Cross Sectional Imaging... Fortschr Rontgenstr 2017; 189: 1135-1144

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



there are also patients who are asymptomatic and are diagnosed
on the basis of an incidental finding.

LHC can occur at any age but is most common in children and
adolescents [32] with the peak age being in the first three years of
life [34].

The lesion originates in the diploe and extends through the
internal table and the external table. The parietal bone is most
commonly affected [35].

In particular, the disease must be differentiated from non-Lan-
gerhans histiocytosis (class Il histiocytosis). The prognosis for
localized Langerhans cell histiocytosis is very good. In multisyste-
mic LCH, the prognosis depends on the age of the patient and pri-
marily on the involvement of organs at risk and the response to
treatment.

Imaging

On computed tomography, the appearance depends on the type
and phase of the disease. The calvarial lesions appear quickly in
the early stage of the disease. Imaging shows a clearly demarcat-
ed osteolytic lesion without a sclerotic border or periosteal reac-
tion. Slanted edges are often seen due to the unequal involve-
ment of the internal table and external table [36]. A central bone
sequestrum is a characteristic finding on CT (> Fig. 9A). However,
this sequestrum is also described in other diseases, e.g. in osteo-
myelitis, metastases, and epidermoid cysts [37]. After contrast
administration, eosinophilic granulomas can demonstrate reac-
tive dural ("dural tail sign") and galeal contrast enhancement [38]
(» Fig.9C, D). The lesions are hypointense on T1-weighted MRI
and hyperintense on T2-weighted MRI [39] (> Fig. 9B). A reduced
signal in T2-weighted sequences is described as a sign of healing
[12].

The diagnosis is typically verified by biopsy of affected tissue
with histopathological and immunohistochemical testing.

Key points for clinical practice

Langerhans cell histiocytosis is a systemic disease in children and
adolescents. Imaging typically shows osteolysis with a soft tissue
component. The diagnosis is typically confirmed by a biopsy.

Paget's disease

Definition and location

Paget's disease of bone is characterized by localized high-grade
increased bone remodeling triggered by pathological giant osteo-
clasts with significantly increased resorption activity [40]. Three
phases of the disease (lytic, mixed, sclerotic) are known and can
occur in the same bone [41]. The result of this excessive bone
remodeling accounts for the characteristic mosaic pattern
(» Fig. 10A, B). Paget's disease is slow progressing and mainly
occurs in older people.

A malignant change of the bone in Paget's disease is a rare
complication.

Involvement of the calvaria is possible. Monostotic and polyos-
totic forms are known. Approximately 10 % of all patients experi-
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» Fig.9 Langerhans cell histiocytosis in a 6-month-old boy. A Axial
CT image shows a well-defined “punched-out” osteolytic lesion in
the left frontal bone with the central “button sequestrum”. B Axial
T2-weighted image presents a dural T2-hyperintense lesion.
Another manifestation of Langerhans cell histiocytosis in the same
patient. C shows a bone defect right supraorbital and D shows pre-
sentation of supraorbital soft tissue component.

» Fig. 10 Paget's disease in a 59-year-old man. A, B Axial CT images
on bone window settings show bony expansions with focal sclerotic
areas.

ence symptoms (pain). The uncontrolled bone formation can
result in nerve compression particularly of the cranial nerves that
can cause sensorineural hearing loss. Conduction deafness due to
bony joint bridging of the auditory ossicles has also been
observed.

Imaging

The characteristic appearance on CT includes bony enlargement
or coarsening of the trabeculae and cortical thickening [2]. In the
osteolytic phase, transparent calvarial lesions with a smooth bor-
der can be detected. These can expand beyond the sutures and
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occur most frequently in the frontal bone and occipital bone. In
the mixed phase (lytic/sclerotic), the lesions often have a honey-
comb-like appearance with accompanying thickening of the cal-
varia [36] (» Fig. 10A, B).

T1-weighted MRI shows hypointense areas in the diploe caused
by the fatty marrow being replaced by fibrovascular tissue. Signif-
icant enhancement is seen after contrast administration.

Key points for clinical practice

Paget's disease is a slowly progressing disease mainly occurring in
older people and is usually observed in the frontal bone and occi-
pital bone of the the calvaria. Three phases of the disease are
known with the combination of lysis and sclerosis being observed
most frequently. This excessive bone remodeling results in the
characteristic mosaic pattern.

Bone metastases

Definition and location

Metastases are the most common malignant bone lesions in
adults [42]. Almost any malignant tumor can cause metastases
in the calvaria. However, breast cancer is most frequently asso-
ciated with metastatic calvarial lesions [43]. There are osteolytic,
osteoblastic, and mixed manifestations [12] that can also occur
on a singular basis. Pulmonary, gastrointestinal, and urogenital
primary tumors are primarily seen in men, while breast, lung,
and gastrointestinal tumors and melanomas are most commonly
seen in women. Hemorrhagic metastases are primarily observed
in melanoma, bronchogenic carcinoma, and breast cancer as well
as in renal cancer and choriocarcinoma as the primary tumor.
Combined osteolytic and osteoblastic metastases are primarily
seen in lung cancer and breast cancer. Calvarial metastases rarely
cause symptoms. However, pain and loss of cerebral nerve func-
tion have been observed in metastases of the base of the skull.
Dural metastases can act as regional masses or infiltrate adjacent
brain structures. Calvarial metastases are most common in neuro-
blastomas in children [44]. It is important to remember that a sin-
gular calvarial metastasis can sometimes be the only evidence of a
metastatic disease. This is the case in particular in renal cell carci-
noma or thyroid carcinoma.

Imaging

CT effectively shows the extent of bone destruction (> Fig. 11A)
and irregular borders are often seen [43] (» Fig. 11B). MRI using
fat-suppressed T1 sequences is particularly suitable for visualizing
small lesions and the extent of spread intracranially or within the
diploe. Contrast enhancement is typically seen in metastases [43].

Key points for clinical practice

Almost all malignant tumors can result in calvarial metastases.
Breast cancer in women and prostate cancer in men are most
commonly associated with metastatic bone lesions. Patient his-
tory and patient age must be taken into consideration in the dif-
ferential diagnosis.
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» Fig. 11 A Axial CT on bone window settings from a 73-year-old
woman with solitary osseous metastasis shows osteolytic destruc-
tion of the occipital bone with a soft-tissue mass. B Axial CT on bone
window settings from a 51-year-old man with osteoblastic metas-
tasis demonstrates a sclerotic bone lesion of the right temporal
bone with spiculae.

Plasmacytoma/multiple myeloma and systemic lymphoma
with bone marrow involvement and primary bone lymphoma are
discussed in detail below.

Plasmacytoma/multiple myeloma

In the case of solitary plasmacytoma, abnormal plasma cells in the
bone marrow accumulate and form a bone or soft tissue tumor
(extramedullary). The involvement of the calvaria can be diffuse
or multifocal in the case of multiple myeloma and focal and singu-
lar in plasmacytoma.

Lytic defects with a clear margin and a "punched out" appear-
ance are typically seen in plasmacytoma and multiple myeloma
on CT. MRI is very sensitive with respect to the detection of
lesions that are typically hypointense on T1 and hyperintense on
T2 and show contrast enhancement. The so-called "salt and pep-
per pattern" is the result of diffuse infiltration of the bone marrow
[45].

Key points for clinical practice

Lytic defects with clear margins and a "punched out" appearance
are typically seen. The "salt and pepper pattern” resulting from dif-
fuse infiltration of the bone marrow is characteristic on MRI.

Lymphoma

Primary bone lymphoma is rare [46]. The imaging characteristics
are nonspecific. Bone destruction can be visible on computed
tomography. However, a permeative growth pattern without a
tumor matrix and marginal sclerosis (> Fig. 12A) with an intracra-
nial and/or extracranial soft tissue component (> Fig. 12B) is
more common [47]. Leptomeningeal metastases can be missed
on CT. Lymphomas can be slightly hyperintense on native T1w
MRI in the case of a high cell density but can also be hypointense.
Lymphomas tend to demonstrate a hypointense signal on T2.
After contrast administration, lymphomas show significant con-
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» Fig. 12 A Axial CT on bone window settings from an 11-year-old
boy with lymphoma shows no detectable bone involvement of the
left parietal bone. B Axial MRI demonstrates high signal intensity in
DWI in the left parietal bone with strong enhancement C.

trast enhancement (> Fig. 12C) and sometimes a decreased ADC
due to the high cell density.

Involvement of the bone marrow is more common that pri-
mary bone lymphoma in systemic lymphoma. However, there
are no major differences with respect to imaging.

Key points for clinical practice

Primary bone lymphoma is rare. A permeative growth pattern
without a tumor matrix and marginal sclerosis with an intracranial
and/or extracranial soft tissue component is often seen. After
contrast administration, significant contrast enhancement is
usually seen and a decreased ADC is sometimes seen due to the
high cell density. Secondary lymphoma of the bone marrow is
more common that primary bone lymphoma.

Conclusion

There are a number of neoplastic and non-neoplastic solitary
lesions of the neurocranium that are often diagnosed as an inci-
dental radiological finding. It is necessary to differentiate between
primary osseous lesions that originate from the neurocranium and
secondary processes that infiltrate the neurocranium. MRl is often
essential for this differentiation, and diagnosis can then be made
based on the characteristic appearance on CT in connection with
patient history and patient age. Osteolytic lesions, such as metas-
tases, osseous lymphoma, osteomyelitis, epidermoid cysts, and
Langerhans cell histiocytosis, must be differentiated from osteo-
blastic lesions, such as metastases, fibrous dysplasia, osteoma,
and intraosseous meningioma.
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