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Technique for Locating Homogeneous Regions within CT

Brain Slices

H. T. Thaler," H. C. Lu, and D. A. Rottenberg

Accurate estimates of the CT numbers of cerebral spinal
fluid, white matter, gray matter, and bone are difficult to
obtain from transaxial CT brain slices using a manually
controlled joy stick/cursor and standard region of interest/
statistics software. Careful manual surveys of anatomically
homogeneous regions of interest [1] are tedious and may
be subject to unconscious observer bias. The use of an
interactive minimum variance computer program to select
small, homogeneous areas within larger, user-defined re-
gions of interest greatly facilitates the estimation of char-
acteristic tissue CT numbers by reducing observer bias,
excluding volume-averaged voxels, and graphically delimit-
ing the homogeneous areas on a video screen image.

Materials and Methods

Within a given region of interest, the CT numbers of individual
voxels may be considered as random noise superimposed upon a
measure of the true density of circumscribed brain tissue(s). Let Xj;
denote the observed CT number for a voxel in row /, column j of the
image grid. Then X, = p; + e;, where p; designates the expected
(true) value for the measured CT density at location jj and e;
designates random noise (measurement error) with mean = 0 and
variance (standard deviation squared) = of.

The sensitivity of the measurement may vary with density, i.e.,
a,f‘,’~ may be a function of y;. But in most available CT scanners, o’ is
a relatively slowly changing function of p, and we simply assume
that o,? is nearly constant over the range of CT numbers of interest.
The average CT number for voxels in a square region of interest
centered at jj in the grid may be written as the sample mean,

o= (33

and the variance for the same region of interest may be written as
the sample variance,

§7 = (zzx;,,—Nxs)/(N— iy,

where the summations are fromm =i —dto i+ d, and fromn =
— dtoj + d. The square has 2d + 1 voxels on a side so that N =
(2d + 1)2.

The expected value of the sample mean is:
E(Xi/) = ﬁi/ =" Z Z P-mn/N‘

If the measurement errors e; are uncorrelated, then the expected
variance is:

E(S§)=ZZ(#mn—ﬁu)2/(N—1)+2203 N

The first term, ¥ ¥ (wm, —2;)?/(N — 1), is a nonnegative number
m n

representing the heterogeneity of voxels in the region of interest
and goes to zero when all voxels have the same CT density. Thus,
on the average (apart from any inherent measurement error), the
smaller s?, the greater the homogeneity.

In practice, a large rectangular region of interest may be covered
with small, overlapping squares with, for example, 3, 5, or 7 voxels
on a side. If the square with the smallest s? value is selected out,
its corresponding X value provides an estimate of the mean CT
number of a homogeneous, ‘‘pure’ tissue within the region of
interest. Based on these considerations, a FORTRAN/graphics
program has been written to facilitate the interactive determination
of the mean CT numbers of various brain tissues (e.g., cerebral
spinal fluid, white matter, gray matter, and bone) from standard CT
brain slices (figs. 1 and 2). This program locates and displays the
most homogeneous square of specified dimensions within a larger
region of interest and prints the corresponding X and s? value to
the right of the video screen image. Upper and lower threshold CT
numbers may be input so as to exclude those squares with mean
values outside of a predetermined range. This option permits the
localization of homogeneous bone regions, for example, within a
region of interest containing air and gray matter (fig. 2), although
the bone (skull) may be inherently more heterogeneous than air or
brain and scanner measurement error is greatest for bone.

Discussion

The FORTRAN/graphics program has been used to esti-
mate the CT density of metrizamide-containing cerebral
spinal fluid (fig. 1) and to obtain X and s? values for “‘pure”
cerebral spinal fluid, white matter, and gray matter. Esti-
mates of the CT density of metrizamide-containing cerebro-
spinal fluid are required for measuring ventricular volume
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HOMOGENITY CRITERION

Fig. 1.—Determination of lateral ventricular metrizamide concentration
using minimum variance computer program. Rectangular region of interest
(dotted lines) is superimposed on CT image and encompasses part of right
lateral ventricle. X and Y coordinates at center of region of interest (XO, YO)
are at upper right. 5 X 5 pixel cursor (area 25 pixels) systematically surveys
region of interest, and 25 pixel square with the smallest variance (root mean
square 2.0816) is automatically selected as defining most’ homogeneous
region within metrizamide-filled ventricular contour (threshold 150 < X < 350
Delta units). Mean CT number of square is 262.2 Delta units. 25 pixel square
is outlined in black on image; location of square is specified by coordinates
X, 0Y

using partial volume analysis [2] and for assessing lateral
[1, 3] and third-ventricular contributions to total cerebral
spinal fluid bulk flow. X and s? values for the cerebrospinal
fluid, white matter, and gray matter are required input to a
published algorithm for estimating the relative proportions
of these three substances in CT brain slices [4].

Our algorithm may be further refined by standardizing the
observed variances, which, as noted, may increase slightly
with CT number. If the relationshiip between o (the variance)
and p (the mean CT number) is expressed as a mathematical
function (f), so that o® = f(u), then a correction factor may
be empirically determined for any tomograph by scanning
phantoms containing homogeneous substances with char-
acteristic CT numbers spanning the range of interest. So
long as the change in o is small relative to the difference in
the observed mean CT numbers (i.e., f'(n) << 1), the bias
introduced by not using a correction factor will be negligible.
The very nature of the algorithm introduces a negative bias
into the selected s?, since s? is deliberately minimized and
tends to underestimate o in homogeneous regions.

The minimum variance method may be used to survey
anatomically defined regions of interest and to obtain char-
acteristic mean CT numbers for “‘pure’ brain tissues and
calvarial bone. Our FORTRAN/graphics program will facili-
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Fig. 2.—Homogeneity criterion applied to calvarial bone. Within user-
defined rectangular region of interest, 25 pixel square with 500 < X < 1500
Delta units and smallest variance is outlined in black (root mean square
102.91, CT number 1203 Delta units).

tate the study of age-related changes in the mean CT
numbers of anatomically defined white- and gray-matter
structures and provide quantitative information about the
progression of symptomatic leukodystrophy [5], drug-in-
duced leukoencephalopathy [6], and cerebral edema.
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