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Fig. 1. Regions of interest (ROI) drawn on diffusion tensor maps. Symmetric ROI circles are drawn on the corticospinal tract in
cerebral peduncle (1), caudate nucleus (2), internal capsule (3), periventricular white matter (4), corpus callosum (5), frontal gray
matter (6) and frontal white matter (7).

Fig. 2. Calculated diffusion tensor
maps. Similar isotropic ADC is seen in
each regions of brain on isotropic ADC
map, while higher anisotropy is
demonstrated in internal capsule and
corpus callosum on FA map. FA is cal-
culated from three eigen values and
their maps are also shown. Volume ra-
tio (VR) is also an indicator of
anisotropy, which can be calculated

Isotropic ADC i i igen » 2 from eigen value 0 and 2.
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Table 1. Isotropic ADC and Fractional Anisotropy of Normal
Brain

Isotropic ADC Fractional

(mm?/sec) Anisotropy

Frontal Gray Matter 0.81%+ 0.06 0.32+ 0.03
Frontal White Matter 0.79% 0.04 0.56+ 0.09
Corpus Callosum 0.79+ 0.07 0.82+ 0.07
Internal Capsule 0.73+ 0.04 0.77+ 0.05
Caudate Nucleus 0.76x 0.05 0.36% 0.05
Pyramidal Tract 0.79+ 0.11 0.78+ 0.06
CSF 3.83+ 0.35 0.19+ 0.07

Fig. 3. A 13-year-old boy with the com-
plaint of frequent seizure attack. There
is a high signal intensity mass in the left
medial temporal lobe on T2 weighted
image (A). Low signal intensty on DWI
(B), high isotropic ADC (C) and low
fractional anisotropy are clearly
demonstrated. Note high anisotropy of
cerebral peduncle around the lesion (D,
white arrows). Low grade glioma was
confirmed after operation.
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mm?/sec,
mm?/sec

0.73+ 0.04
0.81+ 0.06
3.55+ 0.34 mm*/sec
(Table 1).
(Table 1).
(Fig. 2).
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(Table

Table 2. Isotropic ADC and Fractional Anisotropy of Brain

Tumors

Isotropic ADC  Fractional

(mm?/sec) Anisotropy

GM (n=3) 1.05% 0.16 0.23% 0.08
Low grade astrocytoma (n=2)  2.07+ 0.17 0.24%+ 0.10
Gliomatosis cerebri (n=1) 1.15+ 0.27 0.25% 0.09
Pontine glioma (n=2) 0.99+ 0.13 0.27+ 0.12
Meningioma (n=2) 0.79+ 0.08 0.56% 0.15
Normal gray matter 0.81% 0.06 0.32% 0.03
Normal white matter 0.79+ 0.04 0.56+ 0.09

Note: GM = Glioblastoma multiforme

Fig. 4. 62-year-old male with gliomato-
sis cerebri. Diffusely infiltrating mass is
seen in left temporal and frontal lobes
on T2WI (A). The mass shows similar
signal intensity as normal parenchyma
on DWI (B). High degree isotropic ADC
(C) and low fractional anisotropy (D)
are demonstrated on diffusion tensor
maps.
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Fig. 5. 48-year-old female with vertex
meningioma. Well enhancing mass is
demonstrated in right parietal area on
post-Gd T1WI (A). T2 signal is slightly
low and there is a profound white mat-
ter edema adjacent to the lesion (B).
The mass shows high signal intensity
on DWI (C), low isotropic ADC (D) and
high degree fractional anisotropy (E).
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Measurement of Fractional Anisotropy in Normal Cerebral White
Matter and Brain Tumors with Diffusion Tensor Imaging'

Seung-Koo Lee, M.D., Dong Ik Kim, M.D., Si-Yeon Kim, M.D.
Yon Kwon Ihn, M.D., Sang Heum Kim, M.D.

'Department of Diagnostic Radiology, Yonsei University College of Medicine, Seoul, Korea

Purpose: The purpose of this study was to measure the apparent diffusion coefficient (ADC) and fractional
anisotropy (FA) of normal adult brain tissue and tumors, and to compare the differences.

Materials and Methods: Eight normal adults and ten patients in whom intracranial tumors had been diagnosed
were included. Imaging was performed using a 1.5 T MR unit and a single-shot spin-echo EPI pulse sequence
(TR/TE =4024/94 msec, 128 acquisition/256 reconstruction, 23 cm FOV, 5 mm thickness, 2 mm interslice gap,
4 NSA), six different direction gradients (X, v, z, Xy, yz, xz), and 2 b-values (0, 1000). Isotropic ADC (D) was ob-
tained from seven images per slice, and fractional anisotropy (FA) was calculated from the isotropic ADC and
eigenvalues of three directions. A region of interest was drawn at frontal gray and white matter, periventricu-
lar white matter, the corpus callosum, internal capsule, caudate nucleus and center of the tumor mass, and for
each region, fractional anisotropy readings were obtained.

Results: In normal adults, the findings were as follows: frontal gray matter: D=0.81+ 0.06, FA=0.32% 0.03;
frontal white matter: D=0.79% 0.04, FA=0.56x 0.09, periventricular white matter: D=0.77+ 0.02, FA=0.51
* 0.04; corpus callosum: D=0.79+ 0.07, FA=0.82+ 0.07; internal capsule: D=0.73+ 0.04, FA=0.77+ 0.05;
caudate nucleus: D=0.76x 0.05, FA=0.35% 0.05. High anisotropy was demonstrated in white matter, espe-
cially in the corpus callosum and internal capsule, and the degree of anisotropy was similar in gray and deep
gray matter. For most brain tumors, isotropic ADC was similar to that of white matter, but fractional
anisotropy was lower. A low-grade astrocytoma showed higher isotropic ADC and lower fractional anisotropy
than normal white matter, and at the center of a meningioma, fractional anisotropy was high.

Conclusion: For the classification of brain tumors and determination of the extent of disease, comparison be-
tween the apparent diffusion coefficient and fractional anisotropy is useful.
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