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Abstract. We assess diffusion-weighted MR images in
the differential diagnosis of intracranial brain tumors
and tumor-like conditions. Heavily diffusion-weight-
ed (b =1100 or 1200 s/mm?) axial images were ob-
tained with single-shot echo-planar technique in 93
patients with pathologically confirmed various intra-
cranial tumors and tumor-like conditions with diffu-
sion gradient perpendicular to the images. We com-
pared signal intensity of the lesions with those of gray
and white matter, and cerebrospinal fluid (CSF). In
29 cases (31.1 %) the lesions were isointense to gray
and/or white matter. However, 5 cases (5.4 % ) showed
extremely increased signal intensity: two epidermoid
cysts; two chordomas; and one brain abscess. The en-
tire portion of a tumor was markedly hyperintense in
10 cases (10.8%): four malignant lymphomas; four
medulloblastomas; one germinoma; and one pineo-
blastoma. A CSF-like hypointense signal was seen in
many cystic tumors, and cystic or necrotic portions of
tumors. A neurosarcoid granulation was the only solid
lesion showing characteristically a hypointense signal
like CSF. The combination of markedly hyperintense
and hypointense signals was seen generally in hemor-
rhagic tumors. Diffusion-weighted echo-planar MR
imaging is useful in the differential diagnosis of brain
tumors and tumor-like conditions, and suggests specif-
ic histological diagnosis in some cases.
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Introduction

Diffusion-weighted MRI can provide us unique infor-
mation on the diffusion of water molecules, which can-
not be obtained with conventional MRI. Its ability to
depict fresh cerebral infarction in the acute stage within
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6 h of symptom onset is one of the most important clini-
cal aspects [1]. If the diffusion-encoding gradients are
comparatively weak, the contrast in the apparent diffu-
sion coefficient (ADC) images will depend on suscepti-
bility, perfusion, and restricted diffusion, but as the
strength of the diffusion-encoding gradients becomes
greater, the contrast becomes dependent primarily on
diffusion [2, 3]. Although diffusion-weighted MR im-
ages with strong diffusion gradients have even the possi-
bility of T2 shine through, the images can give us addi-
tional information on tissue characterization [2, 4, 5, 6,
7, 8, 9]. However, clinical application of diffusion-
weighted MR imaging has been limited, as diffusion-
weighted spin-echo (SE) imaging is prone to artifacts
from gross motion of the subject as well as pulsation
and respiratory motion, which result in image degrada-
tion [6, 7, 10, 11].

Recently, diffusion-weighted MR images can be ob-
tained in a few seconds with echo-planar technique
and have become more clinically available. However,
evaluation of diffusion-weighted MR imaging in the
differential diagnosis of brain tumors has been re-
stricted to only a few investigations, to our knowledge
[6, 7, 12]. We evaluated the usefulness of echo-planar
diffusion-weighted MR images in the differential diag-
nosis of intracranial brain tumors and tumor-like con-
ditions.

Materials and methods

We studied heavily diffusion-weighted images of 93 pa-
tients (51 men and 42 women) with brain tumors (90
cases) or tumor-like conditions (3 cases). Patients’ age
ranged from 2 months to 77years (mean age
43.0 years). The diagnosis of the lesions was confirmed
pathologically in 85 cases. In the remaining 8 patients
with metastatic brain tumors, pathological diagnosis of
the primary lesion was confirmed (Table 1).

Heavily diffusion-weighted echo-planar imaging was
obtained with a 1.5-T MR unit (Magnetom Vision, Sie-
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Table 1. Diagnosis of lesions

Type 1

Type 2

Type3 Typed TypeS Type6 Type7  TypeS8

Brain tumors (n = 90)
Gliomas
Astrocytic tumors
Glioblastomas
Anaplastic astrocytomas
Astrocytomas
Pilocystic astrocytomas
Xanthoastrocytoma
Ependymoma
Ganglioma
Medulloblastomas
Malignant lymphomas
Germ cell tumors
Germinoma
Mixed germ cell tumors
Pineocytomas
Pineoblastoma
Hemangioblastoma
Schwannomas
Meningiomas
Meningiothelial
Fibroblastic
Chordomas
Rathke cleft cysts
Arachnoid cysts
Epidermoid cysts
Dermoid cyst
Metastatic brain tumors 1
Malignant fibrous histiocytoma
Breast carcinomas
Lung carcinomas
Small cell carcinoma
Adenocarcinoma
Malignant melanomas
Esophageal carcinoma
Renal cell carcinoma
Leukemia
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Tumor-like conditions (n = 3)
Brain abscesses 1 1
Sarcoidosis 1
Langerhans’ cell histiocytosis 1

Total 93 5 10
(100)  (54)

(10.8)
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8 7 17 7 10 29
(8.6) (7.5) (183) (7.5 (10.8)  (31.1)

Numbers in parentheses are percentages

Type 1: Lesions with extremely hyperintense signal (much more
hyperintense than the middle cerebellar peduncle or splenium)
Type 2: Lesions with markedly hyperintense signal (iso- or slightly
hyperintense to the middle cerebellar peduncle or splenium)

Type 3: Lesions with heterogeneously and markely hyperintense
areas in an isointense tumor matrix to gray and white matter

Type 4: Lesions with heterogeneously hyperintense and hypoin-
tense signals to gray and white matter

mens, Erlangen, Germany). Axial images were acquired
with single-shot echo-planar spin-echo (SE) pulse se-
quence with following parameters: echo time = 128 ms,
field of view =230 mm, slice thickness =6 mm, slice
gap = 1 mm, a matrix of 128 x 200, b-value of 1100 or
1200 s/mm?. Axial pre- and postcontrast T1-weighted
SE (TR/TE: 460/12 ms; 2 excitations), T2-weighted tur-
bo-SE (TR/TE: 3000/102 ms; 2 excitations) images, and
FLAIR images (TR/TE/TI: 9000/119/2200 ms; 1 excita-

Type 5: Lesions with partially and slightly hyperintense signal to
gray and white matter

Type 6: Lesions with markedly hypointense signal like cerebrospi-
nal fluid

Type 7: Lesions with hypointense signal to gray and white matter
without hyperintense signal

Type 8: Lesions with isointense signal to gray and for white matter
2Metastatic tumour is also pathologically diagnosed

tion) were also obtained with the same slice thickness
and interslice gap. When additional thinner slice diffu-
sion-weighted images were obtained, SE or turbo-SE
images with the same slice thickness and interslice gap
were also acquired. The majority of sellar and suprasel-
lar lesions were excluded from the study except for large
tumors with marked suprasellar and third ventricular
extension, because susceptibility artifacts obscured le-
sions on diffusion-weighted images.
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Signal Intensity
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or Splenium

Gray matter
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Fig.1. Signal intensity distribution of each type of the lesions
(types 1-8). A box indicates signal intensity distribution of the le-
sion or an anatomical structure. Number in the black box indicates
the type number

We compared signal intensity of the lesions visually
with those of gray and white matter, the middle cerebel-
lar peduncle or splenium of the corpus callosum, and ce-
rebrospinal fluid (CSF) in the ventricles on the same
slice of diffusion-weighted images. Relative signal in-
tensity of lesions measured with a region-of-interest

(ROI) method was compared with values obtained
from normal gray and white matter when necessary.

Lesions were categorized into eight types according
to their signal intensity on diffusion-weighted images
(Fig.1). Type 1: lesions with extremely hyperintense sig-
nal (much more hyperintense than the middle cerebellar
peduncle or splenium of the corpus callosum); type 2: le-
sions with markedly hyperintense signal (iso- or slightly
hyperintense to the middle cerebellar peduncle or sple-
nium of the corpus callosum); type 3: lesions with heter-
ogeneously and markedly hyperintense areas in an iso-
intense tumor matrix to gray and white matter; type 4:
lesions with heterogeneously mixed hyperintense and
hypointense signals to gray and white matter; type 5: le-
sions with partially and slightly hyperintense signals to
gray and white matter; type 6: lesions with a markedly
hypointense signal like CSF; type 7: lesions with a hypo-
intense signal to gray and white matter without hyperin-
tense signal; type 8: lesions with an isointense signal to
gray and/or white matter.

Results

Eight signal intensity patterns of lesions on diffusion-
weighted images are summarized in Table 1.

Fig.2a-c. Typel. A S-year-old boy with a clival chordoma.
a Postcontrast T1-weighted spin-echo (SE) image (TR/TE: 460/
12 ms) shows a tumor located in the prepontine cistern (asterisk)
with a slightly hyperintense signal than that of cerebrospinal fluid
(CSF). It does not enhance after intravenous injection of gado-
pentetate dimegulumin. b T2-weighted turbo-SE image (TR/TE:
3000/102 ms) shows higher signal intensity of the tumor (asterisk)
than that of CSF. ¢ Diffusion-weighted echo-planar image with a
b value of 1100 s/mm? shows markedly hyperintense signal of the
tumor (asterisk)
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Fig.4a—c. Type2. A 22-year-old man with medulloblastoma.
a Postcontrast T1-weighted SE image (TR/TE: 460/12 ms) shows
a homogeneously and markedly enhancing tumor in the dilated
fourth ventricle. b T2-weighted turbo-SE image (TR/TE: 3000/
102 ms) shows slightly higher signal intensity of the tumor than
that of cerebellar gray matter. ¢ Diffusion-weighted echo-planar
imaging with a b value of 1200 s/mm? shows homogeneously and
markedly increased signal intensity of the tumor, which is similar
to that of the middle cerebellar peduncles

Fig.3a—c. Type 2. A 68-year-old man with malignant lymphoma.
a Postcontrast T1-weighted SE image (TR/TE: 460/12 ms) shows
a homogeneously enhancing tumor in the left temporal lobe. A
low signal intensity area surrounding the enhancing lesion is seen.
The left lateral ventricle is compressed by the tumor. b T2-weight-
ed turbo-SE image (TR/TE: 3000/102 ms) shows a signal intensity
in the peripheral portion of the tumor similar to gray matter, and
a hyperintense signal of the central portion of the lesion. Perifocal
edema is more conspicuously demonstrated as a surrounding hy-
perintense area. ¢ Diffusion-weighted echo-planar image with a b
value of 1200 s/mm? shows a homogeneously and markedly hyper-
intense tumor. Signal intensity of the perifocal edema is isointense
to gray matter

Type 1 comprised five lesions (5.4 %) including two
epidermoid cysts, two chordomas (Fig.2), and one brain
abscess. In four of the five lesions, almost the entire por-
tion of the lesion was extremely hyperintense in signal.
One chordoma showed an extremely hyperintense sig-
nal in most part of the tumor with heterogeneously hy-
perintense and hypointense areas that corresponded to
intratumoral hemorrhage.
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Fig.5a—c. Type 2. A 16-year-old boy with disseminated medullo-
blastoma. a Postcontrast T1-weighted SE image (TR/TE: 460/
12 ms) shows disseminated lesions at the right frontal surface, in
the cerebral sulci, and in the bilateral sylvian fissures. b Dissemi-
nated lesions are seen as hyperintense areas, but each lesion is not
so clearly distinguished from the surrounding cerebrospinal fluid
and the cerebral cortex on T2-weighted turbo-SE image (TR/TE:
3000/102 ms). ¢ Diffusion-weighted echo-planar imaging with a b
value of 1200 s/mm? shows these lesions more conspicuously as
markedly hyperintense areas

Fig.6a—c. Type 3. A 50-year-old woman with anaplastic astrocyto-
ma. a Postcontrast T1-weighted SE image (TR/TE: 460/12 ms)
shows a slightly hypointense lesion in the right frontal white mat-
ter. No enhancing lesion is seen. The right lateral ventricle is small-
er than the left. Right frontal cortical sulci are narrower than the
left ones. b T2-weighted turbo-SE image (TR/TE: 3000/102 ms)
shows an ill-defined hyperintense lesion more clearly in the right
frontal white matter than on the T1-weighted image (a). ¢ Diffu-
sion-weighted echo-planar imaging with a b value of 1100 s/mm?
shows hyperintense signal of the lesion compared with gray matter

Type 2 comprised 10 tumors (10.8 %) including four
malignant lymphomas (Fig.3), four medulloblastomas
(Fig.4), one pineoblastoma, and one germinoma.
Disseminated lesions of germinoma and medulloblasto-
ma were also demonstrated conspicuously as markedly
hyperintense areas on diffusion-weighted images
(Fig.5).

Type 3 comprised eight tumors (8.6 % ). An irregular-
ly hyperintense area was observed in the peripheral por-
tion of two gliomas (one glioblastoma and one anaplas-
tic astrocytoma). In these gliomas this hyperintense
area was shown to spread into the optic radiation and
splenium of the corpus callosum. A markedly hyperin-
tense area was seen centrally in two anaplastic gliomas
(Fig.6), two mixed germ cell tumors, and one leukemic
involvement of the cerebrum. A vestibular schwannoma
with multiple cystic portions showed marked hyperin-
tensity in a central cyst on diffusion-weighted images.
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Fig.8a—c. Type 6. A 28-year-old man with sarcoid granulation of
the anterior falx. aPostcontrast T1-weighted SE axial image
(TR/TE: 460/12 ms) shows an enhancing lesion of the thickened
anterior falx. A hypointense area is seen in the left frontal white
matter and is considered as accompanying edema. b T2-weighted
turbo-SE axial image (TR/TE: 3000/102 ms) shows a markedly hy-
pointense signal of the lesion, which is lower than that of white
matter. The left frontal white matter lesion is hyperintense to gray
matter. ¢ Diffusion-weighted axial echo-planar imaging with a b
value of 1200 s/mm? shows markedly hypointense signal of the le-
sion. Signal intensity of the left frontal white matter lesion is isoin-
tense to gray matter

Fig.7a, b. Type 5. A 70-year-old man with a meningioma extend-
ing to the right cerebellopontine angle. a Postcontrast T1-weight-
ed axial image (TR/TE: 460/12 ms) shows a homogeneously en-
hancing tumor attaching to the posterior aspect of the pyramidal
portion of the temporal bone with a dural tail sign. b Diffusion-
weighted axial echo-planar imaging with a b value of 1200 s/mm?
shows an isointense tumor with hyperintense signals in the periph-
eral portion of the tumor

Type 4 comprised seven tumors (7.5 % ). Six of these
lesions had intratumoral hemorrhage. In a germinoma
in the third ventricle, a solid part of the lesion was mark-
edly hyperintense, but multiple intratumoral cysts were
markedly hypointense.

Type 5 comprised 17 lesions (18.3 % ). Both gadolini-
um-enhanced portion and non-enhanced necrotic por-
tions in gliomas, metastatic tumors, and a Langerhans
cell histiocytosis corresponded to the hyperintense ar-
eas on diffusion-weighted images. In meningiomas, in-
creased signal intensity was seen in the periphery

(Fig. 7).



1348 K. Okamoto et al.: Diffusion-weighted EP-MRI in differential diagnosis of brain tumors

Type 6 comprised seven tumors (7.5 % ); six were cys-
tic tumors. Also included in this category was one sar-
coid lesion mimicking an en plaque meningioma of the
anterior falx (Fig.8). This lesion was entirely solid.

Type 7 comprised 10 tumors (10.8%). Nine lesions
had relatively large intratumoral cysts with isointense
small solid portions. However, a metastatic malignant fi-
brous histiocytoma showed a large hypointense central
area on diffusion-weighted images without intratumoral
hemorrhage or a corresponding large cystic portion
(Fig.9).

Type 8 consisted of the remaining 29 tumors
(31.1%). This group included various intra- and extra-
axial tumors (Fig. 10). Margins of tumors in this catego-
ry could not be well defined, or even the presence of a
tumor was unclear on diffusion-weighted images.

Discussion

Diffusion-weighted images with strong diffusion gradi-
ents are independent of spin density, T1, or T2, but are
dependent on the diffusion of water molecules in the
section studied [4]. It can give us additional information
on tissue characterization, which could not be obtained
with conventional MRI. Normal gray matter with a rela-
tively packed and organized cellular structure restricts
movement of the water molecule, and it does not show
directional restriction of diffusion, and is termed isotro-
pic [4]. However, restriction of the water molecule can
also be observed in normal white matter tracts, i.e., wa-
ter is relatively unrestricted along white matter tracts
but is restricted orthogonal to white matter tracts, which
is termed anisotropy. White matter oriented in the di-
rection of the diffusion gradient has an elevated ADC,
whereas white matter orthogonal to the direction of the
diffusion gradient has a markedly decreased ADC [4].
The ADC in gray matter is lower than in white matter
parallel to the direction of diffusion gradient, and is
higher than in white matter orthogonal to the direction
[4]. As structures with a lower ADC appear to be more
hyperintense on diffusion-weighted images, normal
white matter tracts orthogonal to the direction of the
diffusion gradient along the cephalocaudal axis, such as
the middle cerebellar peduncle, splenium of the corpus
callosum, and superior longitudinal fasciculus, are hy-
perintense to gray matter on diffusion-weighted axial
images. White matter tracts parallel to the direction of
the diffusion gradient including the internal capsule
and corona radiata are markedly hypointense. Other
portions of cerebral white matter is slightly hypointense
to gray matter on heavily diffusion-weighted images.

In our study, approximately one third of various in-
tra- and extra-axial tumors had isointense signal to gray
and/or white matter on diffusion-weighted images. The
ADC in contrast-enhancing gliomas is reported to be
within the range of that of normal cerebral white or
gray matter [7]. The ADC in meningiomas does not dif-
fer significantly from that seen in high-grade gliomas or
cerebral metastases [7, 12]. However, some brain tumors
and tumor-like conditions showed characteristically al-

tered signal intensities on diffusion-weighted images.
Epidermoid cysts and brain abscess showed the mostly
increased signal intensity in our study. This observation
is in agreement with previous reports [3, 6]. In addition,
two of four chordomas had a hyperintense signal, which
might have resulted from abundant mucinous matrix of
chordomas. However, chordomas may show various sig-
nal intensities, or a heterogeneous signal in the same tu-
mor, because cytoarchitecture varies widely, and calcifi-
cation and hemorrhage may be present [13]. Epider-
moid cysts and chordomas are both extra-axial tumors.
Brain abscess was the sole intra-axial lesion showing a
characteristically hyperintense signal on diffusion-
weighted images in our study. A brain abscess could be
differentiated from other intra-axial tumors, such as gli-
omas or metastatic brain tumors, showing similar ring-
like enhancement on gadolinium-enhanced images [14,
15].

In a total of 10 cases of malignant lymphoma,
medulloblastoma, germinoma, and pineoblastoma, al-
most the entire portion of the tumor showed a homoge-
neous and markedly hyperintense signal. It is interesting
that these tumors are composed of densely packed cells
with large nuclei and scanty cytoplasm. Disseminated
lesions of medulloblastoma and germinoma were more
conspicuously depicted on diffusion-weighted images
than on any other imaging sequences, including gadolin-
ium-enhanced images, even if they were very small, i.e.,
measuring less than 5 mm in diameter.

Marked and more heterogeneous hyperintensities
were seen in various hemorrhagic intra-axial tumors in-
cluding gliomas and metastatic tumors. However, these
lesions were usually accompanied by hypointense sig-
nals. The combination of these markedly high- and low
signal intensities on diffusion-weighted images may sug-
gest intratumoral hemorrhage, but not histological typ-
ing of tumors.

Leukemic lesions and high-grade gliomas without in-
tratumoral hemorrhage demonstrated a markedly hy-
perintense signal in the tumor matrix partially or heter-
ogeneously. Tien et al. reported that gadolinium-en-
hanced portion is hyperintense on diffusion-weighted
images in high-grade gliomas [4]. However, a non-en-
hanced portion of six high-grade gliomas showed hyper-
intense signal in our study (Fig.6). In general, a hyperin-
tense signal was usually seen in high-grade gliomas
(glioblastomas, 8 of 8 = 100 % ; anaplastic astrocytomas,
5 of 7=71.4%), and many low-grade gliomas were iso-
intense or hypointense to gray matter on diffusion-
weighted images (astrocytoma, 4 of 5 = 80 %; pilocytic
astrocytomas, 3 of 4 = 75.0 %; xanthoastrocytoma, 1 of
1=100%). Although a slightly hyperintense signal
could be seen in low-grade gliomas (astrocytomas 1 of
5=20%, ependymoma 1 of 1 =100 %, ganglioglioma 1
of 1 =100% ), a markedly hyperintense signal was seen
in only high-grade gliomas except for one case of pilo-
cytic astrocytoma with intratumoral hemorrhage. Suga-
hara et al. reported that low-grade gliomas exhibited
iso- to mild hyperintensity compared with the gray mat-
ter on the diffusion-weighted images, and glioblastomas
exhibited hyperintensity compared with the gray matter.
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Fig.10a, b. Type 8. A 38-year-old woman with a vestibular
schwannoma at the left cerebellopontine angle. a Postcontrast
T1-weighted image (TR/TE: 460/12 ms) shows an enhancing tumor
with small cystic portions in the tumor matrix. b The tumor is iso-
intense on a diffusion-weighted image with a b value of 1100 s/mm?

The minimum ADC value of the gliomas correlates well
with tumor cellularities [16]. In addition to gliomas,
some meningiomas as well as metastatic brain tumors
could show slightly hyperintense signal on diffusion-
weighted images (type 5).

Fig.9a—c. Type 7. A 36-year-old man with metastatic malignant fi-
brous histiocytoma. a Postcontrast T1-weighted SE image (TR/
TE: 460/12 ms) shows a heterogeneously enhancing tumor in the
right frontal lobe. Marked perifocal edema is seen around the le-
sion as a hypointense area. b T2-weighted turbo-SE image (TR/
TE: 3000/102 ms) shows heterogeneous signal intensity of the tu-
mor, which ranges from white matter intensity to hyperintensity.
Hyperintense edema is seen in the right frontal white matter. ¢ Dif-
fusion-weighted echo-planar imaging with a b value of 1100 s/mm?
shows markedly hypointense signal in most of the tumor. Accom-
panying edema shows signal intensity similar to gray matter, but
edema extending into the right superior longitudinal fasciculus is
hyperintense (arrowheads) to gray matter. Signal intensity of the
right superior longitudinal fasciculus (arrowheads) is higher than
that of contralateral side (arrows)

A greater degree of signal suppression is seen
when non-enhancing gliomas infiltrate white matter
tracts that run parallel to the direction of the diffu-
sion gradient [4]. On the other hand, tumor invasion
or perifocal edema extending into the white matter
tracts orthogonal to the diffusion gradient, including
the optic radiation, splenium of the corpus callosum,
or superior longitudinal fasciculus, caused marked in-
crease in signal intensity of these structures on diffu-
sion-weighted images (Fig.9c); these might result
from additional increase of anisotropy in white mat-
ter.
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In meningiomas a slightly hyperintense signal was
seen peripherally. Although the compressed middle cer-
ebellar peduncle by neurinomas showed increased sig-
nal intensity on diffusion-weighted images, neurinomas
themselves did not show peripheral hyperintense signals
(Fig.10). If peripheral hyperintensity on diffusion-
weighted images is seen in an extra-axial tumor, menin-
gioma is more likely than neurinoma. The increased sig-
nal of the compressed middle cerebral peduncle should
not be confused with peripheral hyperintensity of the
tumor itself. The mechanisms of this hyperintense signal
in meningiomas are not yet clear. The difference in cy-
toarchitecture between meningiomas and neurinomas
might be one of the mechanisms.

In addition to cystic tumors, such as arachnoid cysts
and large Rathke cleft cysts, most necrotic portions of
gliomas or metastatic tumors, or cystic portions of neu-
rinomas, showed a markedly hypointense signal like
that of CSF in the ventricle on diffusion-weighted im-
ages. Our observation is compatible with previous re-
ports [4, 6, 7].

Sarcoid lesions presenting as dural-based disease
may be indistinguishable from meningiomas or lym-
phomatous disease on MR imaging [17]. However, our
case of sarcoidosis involving the anterior falx was of
markedly hypointense signal, which was not demon-
strated in any other solid neoplastic lesions including
meningiomas or lymphomas. This characteristic hypoin-
tensity might differentiate a granulomatous disease
from neoplastic lesions.

Metastatic malignant fibrous histiocytoma showed a
large central hypointense area on diffusion-weighted
images without hyperintense signal. On MR images
with other pulse sequences, this tumor had no large cys-
tic or necrotic portion corresponding to the hypointense
area on diffusion-weighted images. The tumor consisted
mainly of fibroblast-like neoplastic cells and a consider-
able amount of collagen fibrils histologically. Plump
spindle cells arranged in short fascicles in a cartwheel
or storiform pattern might be a cause of the hypointensi-
ty on diffusion-weighted images.

Our experience is limited and further examinations
are needed to evaluate the usefulness of the diffusion-
weighted images in the differential diagnosis of brain tu-
mors and tumor-like conditions. Diffusion-weighted im-
ages have the possibility of T2 shine through, and ADC
map images without effect of T2 shine through can be
made at multiple b-values. The ADC map images are
more suitable for accurate evaluation of ADC of the le-
sion. In addition, diffusion tensor imaging can provide
more precise information on the amount and directional
bias (anisotropy) of diffusion in lesions [18]. However,
diffusion-weighted images with strong diffusion gradi-
ents give us useful information on tissue characteriza-
tion, and show histological nature of the brain tumor or
tumor-like conditions. A histological diagnosis is sug-
gested in some cases. The images can be acquired in a
few seconds with the echo-planar technique; therefore,
diffusion-weighted images should be added in routine
MR imaging of patients suspected of having a brain tu-
mor or tumor-like condition.
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