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INTRODUCTION

The title of this chapter 1s borrowed from a well-known chapter written by Samuil M, Blinkov
and 1ya Glezer in 1968, Perusal ol Blinkov and Glezer's work is an exeellent means ol appre-
clating the changes in human neuropsychology that have been introduced by the wide availability
of high-quality in vive images of the brain. The technigues Blinkov and Glezer described mvolved
caleulation of measurements of brain morphology from serial brain scetions or casts of brain
structures. Measures based on radiographic techniques receive scant attention; CT and MRIL of
course. are nob menttoned at all

Today. in vive imaging procedures are the most frequently used means of studying the rela-
tionship between brain morphometry and behavior, Muny types of brain images are used in neu-
ropsychotogical research. This chaprer discusses those. primarily CT but recently MRI as well,
that produce literal images of brain structures. Other technigues, such as positron emission to-
mography and regional cerebrul blood flow, produce a map of brain function but not straightfor-
wurd images of structures.

Paradoxically, many of the same qualities that make CT and MRI so immedintely useful for
elintead purposes introduce complications to their use as rescarch data. Whether the internal digital
representation of the mage or the resulting film image is employed, the most immediate infor-
mation provided by an image is analogue: lesions can be visualized n space, and the outlines ol
brain structures cun be detected. This information is of great importance (o the clinician. The

rescarcher requires knowledge of the exact size, extent. and Jocation of structures. and this more
precise information is sometimes difficult to extract from the image,

An example may help to clarily the point. Suppose a neuroradiologist is shown a CT imuge
ad s asked 1o rate it for eortical atrophy ™ on a scale from 1 10 5. Although the rating may be
wanting for reliability and validity, it is at least numerical and may be entered for better or worse

e statistical caleulutions. On the other hand. suppose a rescarcher endeavors o measure “"cor-
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tical atrophy™ directly. How does one go about doing this? The clinician™s impression of |
atrophied brain is visual. loosely based on the degree of widening ol the cortical suler and hssure
Should the researcher. therefore. measure the width of the widest sulei. the collective volume
alt of them. the surfuce area of the cortex. or the average brain density in a region including
cortex? All have advantages, and only empincal investigation can reveal which is most useful.

We should not imagine. therefore. that the wealth of data provided by bram images frees
neuropsychologist trom considerations of measurement. rescarch design. and statistical analys
that are so common clsewhere is psychology . Indeed. the subticty of bran inage data makes su
constderations ull the more crucial.

MEASURING THE VOLUME OF BRAIN STRUCTURES

The first quantitative technigues 1o be developed for CT involved computation of the size ¢
various brain structures. Many ol the carliest algorithms lor computing size were developed
the measurement of other bodily organs such as the liver and eyes (Cooper, TYRS). Pxyvehiatr
neurplogy, and psychology. however, first turned their attention o the cerebral ventricles, th
most immediately apparent landmark in CT of the hewd. Indeed. an entire rescarch area concerr
ing the relationship of ventricle size to psychopathology was made possible by the developmer
ol these methods.

The carhest empincal studies of ventricular size used clincal ratings of “ventricular atro
phy™ (c.g.. Roberts. Caird. Grossart. & Steven. 19761, These are not deseribed in detail here
Other early technigues involved apphication ot traditional Iinear measures such as the Evans rati
(Evans, 1942}, the distance between the tips ol the frontal horns divided by the width of the skul
measured between its inner tables. These measurements were taken manually . using a ruler, fron
film images.

Obviously, linear measures of ventricle size on a single shice are far from perfectly valic
indicators of the overall volume ol a structure so irregularly shaped. Soon. therefore. investigaton
began to measure the arca of slices of ventricles using a mechanical device known as a planimeter
which computes the arca of an irregular closed curve (e.g.. Synck & Reuben. 1976). A area
many studies of ventricular size employed mechunical plunimetric measures.

An alternate means of computing the area of the ventricles on a single slice iy called digital
planimetry (Turkhenner. Yeo, & Bigler, 1983). This technique involves converting the perimeter
of the ventricles to a series of (v, v) coordinates using a common computer peripheral called &
digitizing tablet. Given a sct ol & points (v, v)) defining the perimeter of o closed curve ti.e., the
set begins and ends with the same point), the area of the curves is given by
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t=1
which may easily be calculated on g microcomputer,

An arca of the ventricles at a single shice contains more miormation than a linear measure
but is nonetheless an incomplete estimate of total ventricle volume. Given arcas §, of consecutive
slices of the ventricles. the volume between any two may be caleulated as 5diS, +S2), where d &t
the distance between the slices. I the structure is assumed to came 1o 4 point (e, with 7er
area) at the slices immediately above and befow the highest and Towest shices in which it is visible
the volume of the structure equals

u
d=5
f ]

It should be noted that in most cases, differences in the axial dimension (inferipr-superio
or across horizontal shices) do not contribute to variance in ventricle volume between subjects, i
most rescarch applications, the number of slices and their thickness are fixed across subjects
subjects with larger ventricles do not have more or thicker slices. The relationship between plan
imetric and volumetric measures, therctore, is not the ratio ol a quadratic function to a cubic. g



















































