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Abstract
Introduction The signal characteristics of an epidermoid on
T2-weighted imaging have been attributed to the presence
of increased water content within the tumor. In this study,
we explore the utility of diffusion tensor imaging (DTI) and
diffusion tensor metrics (DTM) in knowing the micro-
structural anatomy of epidermoid cysts.
Materials and methods DTI was performed in ten patients
with epidermoid cysts. Directionally averaged mean diffu-
sivity (Dav), exponential diffusion, and DTM-like fractional
anisotropy (FA), diffusion tensor mode (mode), linear (CL),
planar (CP), and spherical (CS) anisotropy were measured
from the tumor as well as from the normal-looking white
matter.
Results Epidermoid cysts showed high FA. However, Dav

and exponential diffusion values did not show any
restriction of diffusion. Diffusion tensor mode values
were near −1, and CP values were high within the tumor.
This suggested preferential diffusion of water molecules
along a two-dimensional geometry (plane) in epidermoid
cysts, which could be attributed to the parallel-layered
arrangement of keratin filaments and flakes within these
tumors.

Conclusion Thus, advanced imaging modalities like DTI
with DTM can provide information regarding the micro-
structural anatomy of the epidermoid cysts.

Keywords Epidermoid . DTI . Fractional anisotropy .
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Introduction

Epidermoid cysts are relatively rare intracranial neoplasms.
They present mostly as extra-axial tumors; however, they
may also present as intraventricular mass lesions [1, 2]. The
hyperintensity in the diffusion-weighted imaging (DWI) is
a characteristic finding in these tumors. This finding helps
to diagnose this tumor even when they are placed at
unusual locations. The reasons for these signal changes in
diffusion have been debated in the literature [3–5].
Diffusion tensor imaging (DTI) has been used to study
the microstructure of brain lesions [6]. Understanding the
various diffusion tensor metrics can give an idea about the
arrangement of cells/fibers within a neoplasm [7–10]. Our
study has analyzed the various metrics in epidermoid cyst
so as to understand the diffusion characteristics within this
tumor.

Materials and methods

Ten patients with pathologically proven epidermoid cysts
were included in this retrospective study. Magnetic reso-
nance (MR) examination of the brain was performed on a
1.5-T clinical MR Scanner (Avanto TIM SQ engine;
Siemens, Erlangen, Germany) in all the patients. Each
patient underwent conventional magnetic resonance imaging
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with T1, T2, and fluid-attenuated inversion recovery
(FLAIR) sequences. Then, a spin-echo echo-planar DTI
sequence was performed with diffusion gradients along 30
non-collinear directions with the following imaging param-
eters: TR 3,500 ms, TE 105 ms, matrix 192×192, field of
view (FOV) 230 mm2, 5 mm slice thickness with 1.5 mm
gap, averaged twice and with a b factor of 0 and 1,000 s/mm2.

The DTI study analysis was performed by two neuro-
radiologists (MJ and CK). The analysis and postprocessing
were performed on a separate workstation (Leonardo,
Siemens, Erlangen, Germany). The regions of interest
(ROI) were placed within the solid-appearing portions of
the tumor appearing hyperintense on planar anisotropy

maps and hypointense on diffusion tensor mode maps.
Also, for comparison, the ROI were placed in the normal
white matter regions (posterior limb of internal capsule and
splenium of corpus callosum). The size of the ROI
(6 pixels) was kept constant in all the cases and at all the
regions. While placing the ROI, proper care was taken to
avoid partial volume effects from adjacent brain parenchy-
ma and cerebrospinal fluid. The Dav and exponential
diffusion were calculated. Diffusion tensor metrics
(DTM) including fractional anisotropy (FA), linear (CL),
planar (CP), and spherical (CS) anisotropy and diffusion
tensor mode were computed using the software provided
by the vendor.

Fig. 1 Case 7: Axial T2-weighted image (A) shows hyperintense
epidermoid cyst in the left cerebello-pontine angle. It appears
hypointense on T1-weighted image (B) and heterogeneous on axial
FLAIR image (C). On diffusion trace image (D) the lesion appears
bright, while on apparent diffusion coefficient map (E) it appears
isointense to hyperintense and on exponential diffusion image (F) it

appears isointense to hypointense. FA (G) and directionally color-
encoded FA (H) maps show high FA inside the tumor. High signal
intensity seen in the CP (J) map and low signal intensity on diffusion
tensor mode (L) and CL (I) maps suggest that increased FA is due to
preferential diffusion occurring along a plane. Low signal intensity on
CS (K) map suggests decrease in isotropic diffusion

Neuroradiology (2009) 51:123–129 125



Results

Table 1 summarizes the DTM derived from the epidermoid
cysts and the normal white matter at various locations. Dav

values obtained from tumor showed that diffusion was
facilitated in epidermoid compared to normal white matter,
i.e., internal capsule and splenium (mean 0.909 vs 0.737
and 0.774). Exponential diffusion values also confirmed
this finding (mean 0.411 vs 0.481 and 0.464). FA values

from tumor were high, but not as high as that from normal
white matter (mean 0.467 vs 0.789 and 0.831). Mode
values were approaching −1 in the lesion, while it was
approaching +1 in the white matter (mean −0.921 vs 0.906
and 0.964). CP values (mean 0.551) were higher and CL
values (mean 0.035) were lower in the lesion, while CP
values (mean 0.253 and 0.179) were lower and CL values
(mean 0.558 and 0.643) were higher in the white matter
(Figs. 1 and 2). All the patients were operated on and the

Fig. 2 Case 9: Fourth ventricular epidermoid cyst, which appears
hyperintense on T2-weighted image (A), hypointense on T1-weighted
image (B), and heterogeneous on axial FLAIR image (C). Diffusion
trace image (D) shows the lesion to be hyperintense, while on
apparent diffusion coefficient map (E) and exponential diffusion
image (F) it appears isointense. FA (G) and directionally color-

encoded FA (H) maps show increased anisotropy, while CS (K) map
shows a decrease in isotropic diffusion within the tumor. Lesion
appears hyperintense on CP (J) map and hypointense on diffusion
tensor mode (L) and CL (I) maps suggesting that the increase in FA is
due to preferential diffusion occurring along one plane

126 Neuroradiology (2009) 51:123–129



tumor removed. Histopathological examination in all of
them confirmed the diagnosis of epidermoid cysts. On
histopathology, parallel layers of keratin flakes were seen
separated by interstitium, lying beneath the squamous
epithelial lining (Fig. 3).

Discussion

Diffusion-weighted imaging depends on the thermal Brow-
nian motion of water molecules in the tissue [11].
Exponential diffusion and Dav values show whether the
motion of water molecules is restricted or facilitated. Water
mobility may not be equal in all directions (isotropic) but
greater in one direction than another (anisotropic), for
example, in the white matter. FA is widely used to measure
this anisotropy [12, 13]. FA of more than 0.4 generally
suggests omnidirectional structural organization [14]:

m Davð Þ ¼ l1 þ l2 þ l3
3

;

FA ¼
ffiffiffi

3

2

r

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l1 � mð Þ2þ l2 � mð Þ2þ l3 � mð Þ2
q

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l21 þ l22 þ l23

q :

However, tensor shape is intrinsically a trivariate
quantity [15, 16]. No two scalar measures (e.g., Dav and
FA) can account for the degrees of freedom represented by
the three eigenvalues. So, to describe the third degree of
freedom, we used DTM-like diffusion tensor mode, CL, CP,
and CS anisotropy. High FA can be due to either increased
linear, planar, or spherical anisotropy which can be
differentiated using these DTM [16]. In linear anisotropy,

the predominant direction of diffusion is along a line in the
direction of the largest eigenvalue (λ1>>λ2 and λ3). In the
planar anisotropy, the diffusion is restricted to a geometric
plane spanned by the two largest eigenvalues (λ1∼λ2
>>λ3), whereas in the spherical anisotropy, the diffusion
is isotropic (λ1∼λ2∼λ3). Diffusion tensor mode helps to
differentiate between these three types of anisotropy. These
DTM are represented by the following equations:

CL ¼ l1 � l2
l1 þ l2 þ l3

;

CP ¼ 2 l2 � l3ð Þ
l1 þ l2 þ l3

;

CS ¼ 3l3
l1 þ l2 þ l3

;

CLþ CPþ CS ¼ 1;

Mode ¼ l1l2l3
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l1 � mð Þ2þ l2 � mð Þ2þ l3 � mð Þ2
q

� �3

where λ1, λ2, and λ3 represent three eigenvalues of the
diffusion ellipsoid. The CL, CP, and CS values measure
between 0 and 1 and their sum is unity [17, 18]. Diffusion
tensor mode values measures between −1 and +1; it
approaches −1 if diffusion is occurring along a geometric
plane, approaches +1 if diffusion is occurring along a single
direction, and approaches 0 when diffusion is orthotropic or

Fig. 3 Photomicrographs of case 9 (A) and case 8 (B) show epidermoid cysts lined by squamous epithelium. Beneath the epithelial lining, we can
see a well-structured parallel-layered arrangement of keratin separated by interstitium. H & E stain, ×200
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isotropic [16]. More positive mode and high linear
anisotropy indicate preferential diffusion along a single
direction; this helps to see the structures which are arranged
in linear form, for example, white matter tracts, which
facilitate diffusion along one direction. More negative mode
and high planar anisotropy indicate preferential diffusion
along a geometric plane; they display the structures that are
arranged in layers that facilitate diffusion along a particular
plane. In this study, we have applied DTI and DTM to
study the microstructure of epidermoid cysts.

Epidermoid cysts are derived from the adhesions or
inclusions of surface ectoderm into the developing brain
[2]. Grossly, they are well-demarcated, encapsulated
lesions with whitish capsule and mother-of-pearl sheen,
with the interior filled with soft creamy material [19].
Microscopically, they are lined by stratified squamous
epithelium mounted on collagenous connective tissue.
This epithelium produces keratin, whose progressive
production and subsequent desquamation result in forma-
tion of concentric lamellae, filling the interior of the cyst,
causing its gradual expansion. Cysts also usually contain
cholesterol crystals [19]. The radiological features of
epidermoid cysts are well described in literature, and they
can be diagnosed accurately preoperatively using specific
MR sequences [20–22].

In this series, Dav from tumor was increased compared
to normal white mater, which suggest facilitated diffusion.
FA values were also increased, which suggest that
diffusion is anisotropic. Furthermore, more negative mode
and high planar anisotropy indicated that high FA is due to
diffusion occurring along a geometric plane. This is
different from white matter, which shows high FA with
more positive mode and high linear anisotropy, indicating
that high FA is due to diffusion occurring along a single
direction. This preferential diffusion along a geometric
plane in epidermoid cysts can be explained by looking at
their histopathology, which shows well-structured arrange-
ment of the keratin flakes in parallel layers. It could be
assumed that these parallel layers of keratin debris limit
the diffusion of water in the planes formed between two
such layers.

Observed signal change in diffusion-weighted sequence
in epidermoid has been attributed to diffusion restriction
and/or T2 shine through effect [3–5]. However, this is still
controversial. In this study, we clearly see that there is
increased T2 relaxation time and increase in Dav and FA
within these tumors. Probably, the increased extracellular
compartment of water between the stacks of keratin causes
prolonged T2 relaxation, resulting in bright signal intensity
on T2-weighted sequences. Also, the increased T2 relaxation
time and increased mean diffusivity suggest that high signal
on DWI is due to T2 shine through effect rather than due to
restricted diffusion. Increased FAwith increased Dav can be

explained. Though diffusion is anisotropic and restricted to
a geometric plane (more negative mode and high CP), it is
high enough in that plane to show increased Dav.

Conclusion

This study uses DTI with DTM and shows that FA values
are high within the epidermoid cysts, and this high FA is
due to increased diffusion along planes formed by layers of
keratin as shown by more negative mode and high CP
values. High signal intensity of epidermoid cysts seen in
diffusion-weighted sequences is possibly due to the T2
shine through effect. Thus, DTM opens a new avenue of
opportunities to study the microstructure of epidermoid
cysts and can be similarly used for other brain lesions.

Conflict of interest statement We declare that we have no conflict
of interest.
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