
FIGURE A1 With computed tomography (CT) and magnetic reso-
nance imaging (MRI), gross brain anatomy can be readily visualized. 
Axial (horizontal) CT and MRI studies of a living normal brain with 
normal signal intensities refl ecting normal brain parenchyma are 
compared to the postmortem normal brain in the middle of the illus-
tration. Note that each imaging sequence highlights different aspects 
of brain anatomy and the distinctions between gray matter, white 
matter, and cerebral spinal fl uid (CSF). The MRI proton density (PD) 
and T1 sequences highlight brain structures, whereas the T2 imag-
ing accentuates CSF (shown as a bright white signal). Comparing 
CT imaging to MRI refl ects the better clarity and defi nition of brain 
structures by MRI but, as can also be seen, CT defi nes bone better 
than MRI. All axial images above and in the Figures that follow are 
in radiological perspective, where left is on the viewer’s right. The 
images are from the NIH sponsored “Visible Human” project at: 
http://www.nlm.nih.gov/research/visible/visible_human.html. From 
Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). 
Neuropsychological Assessment, Fifth Edition. New York, NY: 
Oxford University Press.
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FIGURE A2 This scan, taken several months after a severe traumatic brain injury, shows how an old right frontal contusion appears on the dif-
ferent imaging sequences. Each image sequence reveals something unique about the brain and the underlying pathology. The T1 image shows 
anatomical detail best, identifying the basic lesion in this scan. However, the amount of old hemorrhage is underestimated in the T1 image 
compared to the gradient recalled echo (GRE) and the fl uid-attenuated inversion recovery (FLAIR) sequences. The GRE also shows scattered 
hemosiderin in other frontal regions (see arrows), not detected on any of the other sequences. Here FLAIR shows the boundary on the outer 
aspect of the old focal hemorrhage to be hyperintense (bright white) indicating abnormal parenchyma, particularly abnormal white matter in 
that area. The T2 image highlights CSF not readily observed in the other images. T2 displays the asymmetry of the anterior horns most clearly: 
the right anterior horn (pointing toward where the old frontal contusion occurred) has been dilated by increased CSF passively fi lling in the 
void left from the focal atrophy caused by the right frontal contusion. From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). 
Neuropsychological Assessment, Fifth Edition. New York, NY: Oxford University Press.
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FIGURE A3 These horizontal scan images are from a patient with 
a severe TBI. The images on the left come from the susceptibility 
weighted image (SWI) sequence. They show the multiple sites of 
hemo rrhagic lesions (dark spots) that refl ect old hemosiderin depos-
its from prior trauma-induced shearing of nerve fi bers and fi ne blood 
vessels. Note the preponderance of hemosiderin in the frontal regions. 
The images on the right are at exactly the same level but represent the 
fi ndings on the FLAIR sequence. From Lezak, M.D., Howieson, D.B., 
Bigler, E.D., & Tranel, D. (2012). Neuropsychological Assessment, 
Fifth Edition. New York, NY: Oxford University Press.
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FIGURE A4 The postmortem coronal section in the center of this fi gure shows the normal symmetry of the brain and the typically white 
appearance of normal white matter, and gray matter with its typical ‘fl esh’ appearance. Surrounding the postmortem brain is that of a 
healthy living individual pictured in a true inversion recovery MRI. Note the clarity and close approximation of gross brain anatomy 
that can be achieved by neuroimaging. The postmortem brain section was provided by Marc Norman, Ph.D., University of California at 
San Diego. Used with permission. From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). Neuropsychological Assessment, Fifth 
Edition. New York, NY: Oxford University Press.
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FIGURE A5 Diffusion tensor imagining (DTI) tractography is depicted in these images of the brain from a ventral view (left), posterior view 
(middle), and left side. All colors are meaningful as they refl ect the direction of aggregate white matter pathways that connect different brain 
regions to, within, and from the brain. Green represents anterior-posterior coursing pathways, blue represents vertically oriented pathways, 
with warm colors (red-orange) indicating side-to-side projections. For example, the red in the middle of the ventral and posterior views shows 
the corpus callosum; the blue of the lower brainstem and in the frontal and lateral left side images denotes motor and sensory pathways. 
From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). Neuropsychological Assessment, Fifth Edition. New York, NY: Oxford 
University Press.
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FIGURE A6 (Left) DTI tractography of a patient who sustained a severe TBI showing loss of certain tracts in the frontal and isthmus region com-
pared to an age-matched control subject (right). Note the full front-to-back appearance of the corpus callosum tracts in the control subject. The 
images below are the corresponding mid-sagittal DTI color maps showing, in red, the notably smaller and atrophied corpus callosum of the 
TBI patient. See more details in color Figure 7.11. From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). Neuropsychological 
Assessment, Fifth Edition. New York, NY: Oxford University Press.
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FIGURE A7 This fi gure shows how structural 3-D MRI may be integrated with 3-D DTI tractography. The background plane (gray outline 
against black fi eld) assists in visualizing brain orientation. Aquamarine = ventricle, yellow = hippocampus, orange = thalamus, purple = puta-
men. (a) left side, lateral perspective, (b) frontal view, (c) left frontal oblique, (d) right posterior. From Lezak, M.D., Howieson, D.B., Bigler, 
E.D., & Tranel, D. (2012). Neuropsychological Assessment, Fifth Edition. New York, NY: Oxford University Press.

Lezak-Figures.indd   154Lezak-Figures.indd   154 3/15/2012   5:00:58 PM3/15/2012   5:00:58 PM



FIGURE A8 The MRI image on the left is at approximately the same level as the positron emission computed tomogram or PET scan on the right 
of a 58-year-old patient who experienced an anoxic brain injury with ischemic stroke in the left (red arrow) globus pallidus. This resulted in 
some generalized atrophy, somewhat more lateralized to the left hemisphere and, most prominently, involving the Sylvian fi ssure (white arr-
row) on the left. In this patient, the outer mantle of the brain shows distinct uptake refl ected in orange-yellow, more so in the right hemisphere 
than left. Also, note the substantial asymmetry of the basal ganglia uptake, where a prior ischemic stroke is associated with lower uptake in the 
left temporal lobe as few warm colors show up along with an overall reduction in its size. Not surprisingly, this patient had right side motor 
defi cits, reduced verbal abilities, and diminished memory functioning. From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. (2012). 
Neuropsychological Assessment, Fifth Edition. New York, NY: Oxford University Press.
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FIGURE A9 In plotting functional MRI (fMRI) activation, the regions of statistically signifi cant activation are mapped onto a universal brain 
model. This technique illuminates the lateralization and specifi city of particular cognitive functions. In the illustrated study, by modifying a 
language task, different regions of the superior temporal gyrus are activated, more so in the left hemisphere. The two tasks differed merely by 
having the subjects hear the question (e.g., “water falling from the sky” is ____? (auditory condition) or read the same question (visual condi-
tion) and then think of the answer. The group activation map here comes from 15 control subjects. The blue indicates primary activation for 
auditory > visual tasks (blue) and auditory tasks (red) after masking the auditory > visual tasks. Adapted from J.S. Anderson, Lange, et al., 
2009 and used with permission from the American Society of Neuroradiology.  From Lezak, M.D., Howieson, D.B., Bigler, E.D., & Tranel, D. 
(2012). Neuropsychological Assessment, Fifth Edition. New York, NY: Oxford University Press.
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