Neuropsychological Function and
Brain Imaging
Introduction and Overview

ERIN D. BIGLER, RONALD A. YEO, and ERIC TURKHEIMER

The study ol the effects of known brain lesions on behavior is crucial o progress in understanding
the relationship between cognition and the brain. Before the advent of modern brain-imaging
technigues, the precise effects of brain lesions could be studied only m amimals, This perod (circa
1930 o 1975y was extremely productive for animal model research (Kolb & Whishaw, 1985),
but progress in human neuropsychology was plagued by the inability to gquantify the location,
size. or extent of a brain lesion in the living individual.

These particular problems are best exemplified by reviewing some of the methodologies of
this past rescarch era in human neuropsychology. For example, in the now classic symposium
held in 1962 on the * Frontal Granular Cortex and Behavior™ (sce Warren & Akert, 1964), Teuber
(1964) presented a paper on the behavioral effects of frontal kesions in man. Aspects of his
reseirch were based on patients who had penetrating head injurics. and skull x rays were used 10
document the Jocution and position of entry (sce Figure 1) Based on these skull films. the extent
of underlying cerebral damage was inferred. Obviously, no details ol the cerebral structures ¢an
be obtained from skull filims, and thus, no precision could be obtained in such research in terms
of the extent and locution of actual damage. In 1962 this was as close as one could come in
siving a noninvasive in vive appraisal of locus of brain damage from cerebral trauma. In contrast,
similar studies recently have been done by Salazar, Grafman, Vance, er al. (1986) using stricl
computerized tomography (CT) quantilications methods which carefully outline underlying struc-
tural pathology (see Figure 2). This rescarch (see also Grafman, Salazar, Weingartner, Vance, &
Amin. 1986 Salazar ¢ al., 1985; Salazar, Grafman, Schlesselman, er al.. 1986). because it per-
mits direet quantification of arcus and structures affected. has resulted in a much clearer under-
standing ol the behavioral elfects ol basal forebrain lesions.

At the same symposium at which Teuber discussed the frontal cortex, Reitun (1964) pre-
sented his now oft-cited work on the effects of frontal lesions on a collection of tests that would
eventually become the basis ol the Halstead-Reitan Neuropsychological Test Battery (Reitan &
Wollson. 1985). In establishing the criteria tor inclusion of patients with frontal lobe damage,
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FIGURE 1. Composite diagrams showing outlines o skull defects in 20 men with anterior (rontal) aod 20
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with posterior (paricto-occpital] missile wounds of brain (lrom Teaber. 19640, This iHusiration depicts the
methodology in the pre-bran-mmaging era. when one had 1o mier the locus of damage by the fract or trajectory
ol the missile by noting entrance and exit points from x-ray skull flms. Although this techoigue provides
some index of whether “"untenor’” or ““posterior’ brain regions were involved. no precision as w the actual
locus or extent of the lesion can be given.

Reitan had to rely on the opinton of “lully qualificd neurologists and neurelogical surgeons,”
who. in turn, based their clinical judgment on the neurosurgical findings at the time of operation
or on neurological examination (i.c.. physical findings such as paralysis). direct ventriculography.
cerebral arteriography, or pneumoencephalography. Although such stundards permitted gross dis-
tinctions, it was virtually impossible to study specific effects ol discrete lesions on neuropsycho-
logical performance.

Prior 1o the advent of CT techmques to 1mage the brain, one had to rely on inferential
methods based on imaging technigues ol the day. namely, pneumoencephalography (PEG). cere-
bral arteriography. and radioactive isotope brain scanning. Pneumocneephalography. mtroduced
by Dandy in 1918 {Oldendorf, 1980). can outline ventricular structures but not image braim tissue
directly (see Figure 3). Thus. in imerpreting PEG resubts. one has o rely on inferential methods
based on shifts and distortions that could be detected in the cerchral ventricles (see Figure 4y, For
example. a large tumor might shift the ventricular system laterally and collapse the part of the
ventricle closest to the tumor. Similarly. cercbral arteriography can directly image the cerchral
vasculature but not brain tissue. In interpreting cerebral arteriography results. one again relies on
some distortion or change in the position of the cercbral blood vessels.

Radioisotope scanning techniques (see Oldendorf, 1980) were being developed as curly as
1947, but even by the 1960s, these techniques gave only the grossest image ol the brain (see
Figure 5) and had only limited clinical utility. During this period, attempts were made tsee Figure
6) 1o image the brain via ultrasonic waves. The technique. called echoencephalography (sce Hov-
ind. Galicich, & Matson, 1967). could only detect large distortions or aberrations in brain struc-
ture and yielded no information about anatomic detail, Thus, the inferental methods of angiog-
raphy/arieriography or PEG were the primary imaging methods ol that period. and the popularity
of these techniques continued right up until the early 1970s. But. us Oldendor! (1980) stutes. both

































