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Abstract
Objective With the hypothesis that the combination of CT, conventional, and functional MRI can indicate a possible diagnosis of
skull lymphoma, this study aimed to systematically explore CT, conventional, and functional MRI features of this rare entity.
Materials and methods This retrospective study included eight patients with pathologically confirmed skull lymphomas. CTand
conventional MRI findings, including the location, size, attenuation/signal intensity, cystic/necrosis, hemorrhage, calcification,
enhancement, skull change, brain parenchyma edema and adjacent structure invasion, were reviewed. We also reviewed multi-
parametric functional MR imaging features obtained from diffusion-weighted imaging (DWI, n = 4), susceptibility-weighted
imaging (SWI, n = 3) and dynamic susceptibility-weighted contrast-enhanced perfusion-weighted imaging (DSC-PWI, n = 1).
Results The eight patients in this series consisted of five males and three females, with a mean age of 51.1 years. All skull
lymphomas showed the tumors extending to extra- and intra-cranial spaces with permeative destruction of the intervening skull.
Intratumoral cystic/necrosis was seen in one case. Hemorrhage or calcification was absent. Dural mater infiltration was detected
in all cases. Two clivus lymphomas encased internal carotid artery without narrowing the lumen. Three cases invaded brain
parenchyma with moderate edema. The tumors demonstrated high signal on DWI with low ADC values comparing to muscles.
SWI images showed little intratumoral hemorrhage and vessel. Low relative cerebral blood volume (rCBV) value was detected.
Conclusions Skull lymphomas commonly presented as a homogenous solid tumor extending either intra- or extra-cranially with
permeative bone destruction. Restricted diffusion, little intratumoral susceptibility signal, and lower perfusion may indicate a
specific diagnosis. Multi-parametric functional MRI may be a promising tool for the diagnosis of skull lymphomas.
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Introduction

Skull lymphoma is an extremely rare presentation in clinical
work, particularly in the case of primary lymphoma [1–3].
Skull lymphoma cannot be easily differentiated from other
skull-involved diseases [4–6]. To date, few case reports de-
scribing computer tomography (CT) and conventional mag-
netic resonance imaging (MRI) findings of skull lymphomas
have been published [1–15]. However, the imaging findings

are yet to be elucidated, and a reliable preoperative diagnosis
of this rare entity is still challenging.

Multi-parametric functional MR techniques, including
diffusion-weighted imaging (DWI), susceptibility-weighted
imaging (SWI), and dynamic susceptibility-weighted con-
trast-enhanced perfusion-weighted imaging (DSC-PWI),
may reflect the characteristics of tumor microenvironment
and provide more physiological information than CTand con-
ventional MRI [16, 17]. DWI could assess the Brownian mo-
tion of water molecules in the microscopic tissue environment
with the quantification of apparent diffusion coefficient
(ADC) [17–19]. Recently, Tu et al. [20] has reported that the
diagnostic accuracy in differentiating malignant from benign
skull-involved lesions could be significantly improved by
adding DWI to CT and conventional MRI. SWI could maxi-
mize susceptibility difference among various tissues, which
may be very helpful in depicting hemorrhagic components,
calcifications, or biologic metal accumulation [16, 17, 21].
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DSC-PWI is a relatively novel imaging technique that allows
in vivo imaging of tumor microcirculation and vascularity [16,
17]. Nowadays, DWI, SWI, and DSC-PWI have been used to
differentiate primary central nervous system lymphomas
(PCNSLs) from glioblastomas [16]. However, no previous
study which applied multi-parametric functional MR imaging,
including DWI, SWI, and DSC-PWI, to diagnose skull lym-
phomas has been reported.

We hypothesized that the combination of CT, conventional,
and functional MRI can indicate a possible diagnosis of skull
lymphoma. Thus, the first purpose of this study was to investi-
gate CTand conventionalMRI findings of skull lymphomaswith
a relatively large sample size. Additionally, multi-parametric
functional MRI features of skull lymphomas obtained from
DWI, SWI, and DSC-PWI were also systematically evaluated.

Materials and methods

Patients

This retrospective study was approved by the institutional
review board of our hospital and the patient informed consent
was waived. Patients were identified from the case records
from June 2005 to May 2017 in our hospital. The inclusion
criteria were as follows: (1) histopathological diagnosis of
skull lymphoma; (2) CT and (or) MR examination was per-
formed; (3) sufficient imaging quality for diagnosis. The ex-
clusion criteria were patients who received treatment (surgery,
chemotherapy, or radiation therapy) before CT and MRI ex-
aminations. A total of 11 potential patients were identified
from case records. Two patients were excluded due to no
imaging database. One patient who received surgical resection
previously was also excluded. Ultimately, eight patients met
the criteria and were included into this study. All patients
underwent MR examinations; six patients underwent CT
scans at the same time. The clinical, radiological, and patho-
logical data were also reviewed.

CT and MR imaging protocol

The CT examinations were performed with a 16-detector row
helical CT scanner (Aquilion, Toshiba Medical Systems,
Japan, n = 3) or a 320-detector volume CT scanner (Aquilion
ONE, Toshiba Medical Systems, Japan, n = 3). The scan pa-
rameters were as follows: 1- to 5-mm section thickness, 120-
kV voltage, 200- to 300-mA current, and 512 × 512 matrix.

Three patients were performed on a 0.5-Tesla MR system
(Flexart, Toshiba Medical Systems, Japan), two patients were
performed on a 1.5-Tesla MR system (Signa Infinity
Twinspeed, GE Medical Systems, USA), and three patients
were performed on a 3.0-Tesla MR system (Magnetom
Verio TIM; Siemens Healthcare, Germany).

The protocols of 0.5-Tesla MR system consisted of the
following sequences: transverse T1-weighted imaging
(T1WI, TR/TE = 500/15 ms), transverse T2-weighted imag-
ing without fat-suppression (T2WI, TR/TE = 4000/100 ms),
and three-planes contrast-enhanced T1-weighted imaging
(CE-T1WI, TR/TE = 500/15 ms) were obtained after intrave-
nous injection of gadopentetate dimeglumine (Gd-DTPA) at a
dosage of 0.1 mmol/kg of body weight.

The protocols of 1.5-Tesla MR system included the follow-
ing sequences: transverse and sagittal T1WI (TR/TE = 540/
20 ms), transverse T2WI without fat-suppression (TR/TE =
4000/108 ms), transverse T2 fluid-attenuated inversion recov-
ery (T2-FLAIR, TR/TE = 8600/120 ms, TI = 2100 ms), trans-
verse DWI (TR/TE = 6000/85.5 ms, Average = 2, b value = 0
and 1000 s/mm2) and three-planes CE-T1WI (TR/TE = 540/
20ms) were obtained after intravenous injection of Gd-DTPA.

The sequence parameters on 3.0 T MR system were as
follows: transverse and sagittal T1WI (TR/TE = 250
/2.5 ms), transverse T2WI without fat-suppression (TR/TE =
6000/96 ms), transverse T2-FLAIR (TR/TE = 7000/94 ms,
TI = 2500 ms), transverse DWI (TR/TE = 8200/102 ms, num-
ber of average = 1, b value = 0 and 1000 s/mm2) and three-
planes CE-T1WI (TR/TE = 250/2.5 ms) were obtained after
intravenous injection. In addition, SWI was available in three
patients and DSC-PWI was performed in one patient.

SWI was performed on a cross-section with a 3D fully
flow-compensated gradient-echo sequence with the following
parameters: TR/TE = 27/20 ms, flip angle = 15°, FOV =
220 × 220 mm, matrix = 256 × 256, number of excitation
(NEX) = 1, section thickness = 1.5 mm, intersection gap =
0.3 mm. Subsequently, the SWI sequences were reconstructed
with the minimum intensity projection (MinIP) technique to
obtain images with a section number, thickness, and position
similar to other sequences.

DSC-PWI was performed with a gradient-recalled T2*-
weighted echo-planar imaging sequence before CE-T1WI.
The imaging parameters were as follows: TR/TE = 1000/
54 ms, flip angle = 35°, NEX = 1.0, FOV = 220 × 220 mm,
slice thickness = 5 mm, and intersection gap = 1.0 mm.
During the first three phases, images were scanned before
injecting the contrast agent to establish a precontrast baseline.
When the scan was to the fourth phase of DSC-PWI,
0.1 mmol/kg body weight of Gd-DTPAwas injected with an
MR-compatible power injector at a rate of 5 ml/s through an
intravenous catheter placed in the antecubital vein, followed
immediately by a 20-ml continuous saline flush. The series of
20 sections, 60 phases, and 1200 images were acquired in 96 s.

Imaging analysis

Two experienced neuroradiologists who were blinded to the
patients’ clinical and pathological data independently evaluat-
ed CT and conventional MRI features, including location,
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size, attenuation/signal intensity, cystic/necrosis, hemorrhage,
calcification, enhancement, skull change, brain parenchyma
edema, adjacent structure invasion, and disagreements were
resolved by consensus.

For tumor size, the three orthogonal maximal diameters
were measured. Lesion attenuation characteristics were clas-
sified as low, iso, or high density relative to semispinalis
capitis and brain grey matter. Signal intensity was graded as
low, iso, or high signal intensity relative to semispinalis capitis
and brain grey matter on the T1- and T2WI. Cystic/necrosis
components were defined as areas that appeared hypointense
on T1WI, hyperintense on T2WI, and no enhancement on
post-gadolinium T1WI sequences. Hemorrhage was defined
when the CT attenuation values fell in the range of 50–90 Hu
on nonenhanced scans, or short T1- and long T2-signal onMR
images, and no enhancement on post-contrast images. The
presence of calcification was confirmed according to
nonenhanced CT and SWI. Patterns of enhancement were
evaluated by extent as follows: none, focal (less than 1/4 of
the mass), partial (between 1/4 and 3/4), homogeneous (more
than 3/4) or rim (peripheral enhancement). The degree of en-
hancement was graded as none, minimal-to-mild, or
moderate-to-marked (similar enhancement to normally en-
hanced choroid plexus) [22]. The cortical changes were clas-
sified as follows: absent, permeative destruction (fine linear or
tiny hole destructive pattern of intracortical, without distur-
bance of cortical integrity), cortical destruction (normal corti-
cal bone completely or partially replaced, with disturbance of
cortical integrity), or cortical osteosclerosis (thickening of cor-
tical, without intensity or signal abnormalities) [23, 24]. Brain
parenchyma edema was graded as follows: absent, mild (ex-
tending < 1 cm from the outer margin of the mass), moderate
(between 1 and 4 cm) or severe (> 4 cm) [25]. Adjacent struc-
ture invasion was assessed including vessel, dura mater, and
brain parenchyma invasion.

The DWI signal intensity was evaluated relative to normal
semispinalis capitis. We defined restricted diffusion of skull
lymphomas as ADC values lower than that of muscles, while
non-restricted diffusion as ADC values higher than that of
muscles [26].

The degree of intratumoral susceptibility signals included
four grades on SWI as previously described [27]: grade 0: no
hemorrhage or vessel, grade 1: 1–10 dot-like hemorrhage or
1–5 intralesional vessels, grade 2: 11–20 dot-like hemorrhage
or 6–10 intralesional vessels, grade 3: more than 20 dot-like
hemorrhage or more than ten intralesional vessels.

DSC-PWI signal intensity was evaluated using relative ce-
rebral blood volume (rCBV). Degree of rCBV was catego-
rized as low (lower or equal to normal brain parenchyma),
high (greater than normally post-contrast choroid plexus),
and moderate (rCBV between low and high).

For the quantitative assessment of DWI and DSC-PWI
data, ADC and rCBV values were measured by manually

placing the region of interest (ROI) inside the tumor regions.
The ROIs were placed on the enhancing solid portion of the
tumors corresponding to CE-T1WI, taking care of to avoid
hemorrhage, necrotic, and cystic areas. At least five uniform
small round ROIs with sizes of approximately 30-40 mm2

were selected to place inside the tumors on the ADC and
DSC perfusion images, and average ADC and rCBV value
were obtained.

Results

Clinical findings

The five men and three women in this study had a mean age of
51.1 years (range, 28-68 years). Seven cases were single tu-
mors and one case showed two tumors, with nine tumors in
total. Clinical records of eight patients were reviewed and the
findings summarized in Table 1. The most prevalent com-
plaint was subcutaneous mass (6/8, 75.0%). Headache was
observed in three patients (3/8, 37.5%), and focal neurological
deficit was observed in two patients (2/8, 25.0%). Combined
with chest and abdomen imaging, bone marrow biopsy, and
clinical follow-up, five cases were deemed to primary lym-
phomas and three were deemed to secondary lymphomas.

Imaging findings

CT and conventional MRI features of skull lymphomas are
summarized in Table 2. Six are cases located in the cranial
vault without predilection sites. Two skull base lymphomas
were both located in the clivus. The size of lymphomas in the
cranial vault seemed to be larger than that in the skull base.

Comparing with muscles, the solid components of tumors
presented as isodense (n = 4) and hyperdense (n = 2) on the
non-contrast CT; hypointense (n = 2) and isointense (n = 6) on
T1WI; isointense (n = 2) and hyperintense (n = 6) on T2WI.
Comparing with grey matter, the solid components of tumors
presented as isodense (n = 1) and hyperdense (n = 5) on the
non-contrast CT; hypointense (n = 2), isointense (n = 4), and
hyperintense (n = 2) on T1WI; hypointense (n = 2), isointense
(n = 2) and hyperintense (n = 4) on T2WI. Seven cases dem-
onstrated homogeneous enhancement without necrosis, hem-
orrhage, or calcification. Cystic/necrosis was found in one
lesion. The degree of enhancement was minimal-to-mild in
two cases and moderate-to-marked in six cases.

All cases exhibited permeative bone destruction, and one
lesion was accompanied by osteosclerosis meanwhile.
Thickened and enhanced dura mater was detected in all cases.
Three tumors infiltrated brain parenchyma with moderate pa-
renchyma edema (Fig. 1). Two clivus lymphomas involved
internal carotid artery, which encased the vessels without
narrowing of the lumen (Fig. 2).
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DWI was available in four patients. Four tumors showed
high signal in DWI with low ADC values comparing to mus-
cles. The mean ADC values were (0.51 ± 0.07) × 10−3 mm2/s,
ranging from 0.45-0.61 × 10−3 mm2/s. SWI manifested six
dot-like hemorrhage and five short line-like intratumoral ves-
sels in one lesion, which graded into 1 (Fig. 1). However,
inhomogeneous magnetic field of skull base caused obvious
artifact in two clivus cases. DSC-PWI was available in one
case; the tumor showed low perfusion with the rCBV value of
1.32. (Fig. 1).

Pathology findings

Six cases were completely or partially resected, and biopsy
was performed in another two patients. All cases were patho-
logically confirmed as B cell non-Hodgkin lymphoma (NHL).
Immunohistochemical staining was performed in seven cases
and confirmed as diffuse large B cell lymphoma (DLBCL).
Microscopically, the tumors consisted of diffuse large lym-
phoid cells with large nucleoli and scanty cytoplasm.
Immunohistochemical analysis of seven DLBCLs showed
that the tumors were positive for CD20 (+, 7/7), CD79a (+,
5/7), BCL-2 (+, 4/7), Mum-1 (+, 2/7), Ki-67 (+, 5/7, 40%-
90%). All seven cases were negative for CD3.

Discussion

Skull lymphoma has been considered as an extremely rare
presentation. In our cohort, skull lymphomas manifested no
marked gender difference and occurred commonly in the
older, which was consistent with a previous study [4]. The
clinical complaints were varied. Subcutaneous masses were
relatively large and most commonly seen in cranial vault lym-
phomas, which were in good agreement with previous reviews
[2, 4]. As for skull base lymphomas, the complaints were
nonspecific. Two cases in our study presented with eye

discomfort due to involved cranial nerve paralysis. Because
of the biological behavior of skull base lymphomas, such as
deep location and easy infiltration to adjacent cranial nerve,
the clinical manifestations of skull base lymphoma may be
earlier and more obvious than that of cranial vault entity. In
addition, this also explained why skull base lymphomas were
relatively smaller than cranial vault tumors in our cohort.

Due to the hypercellularity of lymphoma [28], it was not
surprising that skull lymphomas could manifest as isodense or
hyperdense on precontrast CT images, and showed iso-
hypointense on T1WI and iso-hyperintense on T2WI compar-
ing to the muscles in our series, but these nonspecific CT and
conventional MRI appearances contributed little to differenti-
ate skull lymphomas from other skull-involved diseases.
Tumoral cystic/necrosis is usually caused by inadequate blood
supplement and may suggest more progressive stages of the
diseases. Our study found that cystic/necrosis was rarely seen
before treatment and was only found in one mass of nine,
which were similar to the results reported previously [29].

Both cranial vault and skull base lymphomas exhibited
permeative destruction in the intervening skull, which was in
good agreement with those previously described [8, 9]. In the
early stages, the involved skull usually shows a moth-eaten
pattern and minimal cortical destruction, without disturbance
of cortical integrity. The reason of permeative destruction is
not well understood, but is most likely associated with the
following processes: lymphoma cells infiltrated the intra-
diploe space by extending along the emissary veins, and bone
marrow was replaced by tumor cells [8]. Thus, the involved
skull could be a distinguishable sign to characterize skull lym-
phoma. On post-gadolinium T1WI, the involved skull showed
mild heterogeneous enhancement, which implied tumoral
cells invasion. In our study, two clivus lymphomas demon-
strated relatively small lesions and remarkable medullary de-
struction, reflecting progressed stage or aggressive nature of
secondary skull lymphomas. However, it should also be noted
that tumoral cells of lymphoma could gradually extend and

Table 1 Clinical features of skull lymphomas

No. Sex/
age

Symptoms Primary or
secondary

Number Location Size

1 M/53 Subcutaneous mass, headache Primary One Bilateral parietal 8.2 × 6.7 × 6.0

2 M/28 Subcutaneous mass Primary One Right occipital 5.0 × 4.6 × 5.5

3 F/68 Subcutaneous mass, headache Primary One Left fronto-tempo-parietal 3.7 × 6.3 × 6.1

4 M/39 Subcutaneous mass Primary Two Left fronto-parietal/right
fronto-parietal

2.6 × 11.2 × 3.1/
4.5 × 5.8 × 3.3

5 F/68 Subcutaneous mass Secondary One Bilateral frontal 5.0 × 3.2 × 2.8

6 M/45 Subcutaneous mass, headache, blurred
vision

Primary One Bilateral parieto-occipital 6.7 × 10.4 × 5.8

7 F/62 Diplopia Secondary One Clivus 2.3 × 2.2 × 2.3

8 M/46 Diplopia, ptosis Secondary One Clivus 3.5 × 2.9 × 2.1

M, male; F, female
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finally replace the cortical with the disease progressing [3],
making it difficult to differentiate from other malignant
skull–involved masses.

Skull lymphomas are highly malignant tumors and adja-
cent structures invasions are common. Post-contrast enhanced
T1WI are superior in delineating the tumor extension. Dural
mater infiltration, manifesting as diffuse thickening and en-
hancement of adjacent dura, was most commonly seen, which
is similar to dural tail sign. This finding is probably due to the
infiltration of lymphoma cells and reactive edema, which re-
sulted in difficulties for complete tumor resection [9]. Similar
to the previous study [10], encasement of vessels without ob-
vious narrowing was found in two skull base lymphomas in
our present study. This sign also indicates the characteristic of
permeative growth pattern. Other cavernous sinus infiltrative
lesions, such as meningioma and metastasis, usually manifest

compression effect to the vessels, which was different from
the skull lymphomas.

We especially evaluated multi-parametric functional MR
imaging findings of skull lymphomas, which have not been
systematically described in previous studies. DWI could non-
invasively evaluate the tumor cellularity with the measure-
ment of ADC values [17–19]. The ADC values in the range
of 0.51 to 0.59 × 10−3 mm2/s have been reported for lympho-
mas in the skull base region, which was significantly lower
than skull base osteomyelitis and nasopharyngeal carcinomas
[19, 30]. In our group of skull lymphomas, the mean ADC
values were 0.51 ± 0.07 × 10−3 mm2/s, which were similar to
the previous study. This feature may be associated with the
factors that lymphoma is a hypercellular tumor with large
lymphoid cells and little extracellular matrix [28]. It has also
been reported that lymphoma has lower ADC values

Fig. 1 A 45-year-old man with primary skull diffuse large B-cell
lymphoma (case six). a CT scan of the brain window and b bone
window demonstrates a bilateral parieto-occipital isodense lesion
involving brain parenchyma with permeative destruction. c, d Pre-
contrast MRI reveals an intra- and extra- cranial mass as hypointense
on T1WI and hyperintense on T2WI, involving the occipital lobes with

moderate parenchyma edema. e, f Post-contrast MRI demonstrates a
homogeneously enhanced mass with dural tail sign g, h DWI shows
hyperintense with low ADC values comparing to muscles. i SWI-MinIP
shows little dot-like hemorrhage and intralesional vessels. j Pathological
observation demonstrates diffuse lymphoid cells infiltration (HE, ×100).
k Immunohistochemical staining shows CD20-positive tumoral cells

902 Skeletal Radiol (2019) 48:897–905



compared with other malignant tumors [31, 32]. Therefore,
DWI may be a promising tool in differentiating skull lympho-
ma from other skull benign and malignant tumors.

SWI is extraordinarily sensitive to magnetic suscepti-
bility effects, making it superior for the detection of
microhemorrhage and neovascularity [16, 17, 21]. Our
study revealed little hemorrhage and intralesional vessel
number detected by SWI images, probably because lym-
phoma is scarce in tumor neovascularization compared
with other malignant tumors [33, 34]. The lack of signif-
icant necrosis and hemorrhage is another distinguishable
sign for the characterization of skull lymphomas. Thus,
we assumed that SWI images can enhance diagnostic con-
fidence for the skull lymphoma. Unfortunately, artifact
caused by gas and bone limited the use of SWI, especially
in skull base lesions.

DSC-PWI, a relatively novel technique that can noninva-
sively provide direct insight into the microvascular informa-
tion, is applied for the diagnosis of intra- and extra-axial tu-
mors [16, 17]. It has been reported that rCBV values showed
good correlations with angiographic vascularity [35].
Lymphoma is characterized by the angiocentric growth and
tumor cells tend to cluster around pre-existing vessels [33],
suggesting that lymphoma is scarce in tumor neovasculariza-
tion. Our limited case of skull lymphomas confirmed this his-
tological basis and manifested low perfusion. Given that most

of common skull-involved tumors, including metastasis, me-
ningioma, and plasmacytoma, have abundant blood supplies;
DSC-PWI may be very helpful in differentiating lymphoma
from other skull-involved hypervascular tumors.

Skull lymphomas should be differentiated from other sol-
id skull-involved tumors, including metastases, meningio-
mas, plasmacytomas, and aggressive pituitary adenomas.
Skull metastases typically manifest heterogeneous soft-
tissue masses with clear cortical destruction [4, 6]. A history
of malignancy plays an important role in the diagnosis.
Furthermore, skull metastases usually show high rCBV
values on DSC-PWI and diffuse intratumoral susceptibility
signals on SWI. Meningiomas usually appear as soft-tissue
masses with osteosclerosis. The cavity would be narrow or
displaced when the vessel is wrapped. Moreover, most sub-
types of meningiomas are hypervascular tumors with high
rCBV values [35]. Plasmacytomas, as small round cell tu-
mors, show subtle bone erosions and restricted diffusion on
DWI images, which is similar to skull lymphomas [28, 36].
DSC-PWI is highly recommended because plasmacytomas
are highly vascular tumors [36]. Aggressive pituitary adeno-
mas occasionally appear as a large homogenousmass involv-
ing the skull base and encasing vessels without obvious nar-
row, which may mimic a lymphoma. Unlike skull lympho-
mas, aggressive pituitary adenomas exhibit iso-high ADC
values owing to its collagen content [37].

Fig. 2 A 46-year-old man with secondary clivus diffuse large B cell
lymphoma (case eight). a Axial cranial CT shows a slightly hyperdense
mass. b Bone window CT and c sagittal T1WI show permeative
destruction, and marrow cavity is destroyed completely. d DWI reveals
low ADC values. e T2WI shows a homogenous isointense tumor. f, g
Post-gadolinium T1WI shows marked and homogeneous enhancement.

The bilateral cavernous sinuses are infiltrated, and carotid arteries are
encased by the tumor without narrowing. h Pathological observation
shows a diffuse, highly cellular blastic infiltrate consisting of large
lymphoid tumor cells with large nucleoli and scanty cytoplasm (HE,
×200)
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The principal limitation was the small sample size of multi-
parametric functional MRI techniques due to its extremely
rare occurrence. Although the number evaluated was limited,
these findings could be explained by the histopathological
features of skull lymphomas. To draw more definite conclu-
sions, further studies with a large sample size are needed.

Conclusions

In conclusion, skull lymphomas generally demonstrate as sol-
id tumors which extend either intra- or extra-cranially with
permeative bone destruction. Intratumoral cystic/necrosis
hemorrhage, or calcification is uncommon. Restricted diffu-
sion, little intratumoral susceptibility signal and lower perfu-
sion may indicate a specific diagnosis. Multi-parametric func-
tional MRI may be helpful for the diagnosis of skull
lymphomas.
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