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Use of Computerized CT Analysis 
to Discriminate Between 
Alzheimer Patients and Normal 
Control Subjects 

A newly developed computerized technique was used to analyze the CT scans of 49 
patients with dementia of the Alzheimer type and 31 normal control subjects. Nine brain 
regions distributed across five CT slices were evaluated for each individual. For the 
purpose of analysis, the patients and controls were divided into an exploratory set and 
a test set. Several discriminant functions were conducted on the exploratory set and 
applied to the test set. The combination of variables that focused on regions in the 
temporal lobe was most accurate in differentiating Alzheimer patients from controls 
(94%). This degree of accuracy was achieved only when subjects younger than 65 years 
old were analyzed separately from those 65 years old and older. 

The newly developed computer software program was able to discriminate between 
independently selected groups of Alzheimer patients and control subjects. The program 
was most effective when the analysis emphasized regions in the temporal lobe and 
when subjects younger than 65 years old were analyzed separately from those 65 years 
old and older. 

A number of CT studies have concluded that computerized measures of CT 
scans in patients with dementia of the Alzheimer type are significantly different 
from those of control subjects [1-5). Some have demonstrated an accuracy of 
correct classification as high as 93%. 

However, it is unclear whether the accuracy of any of these measurement 
procedures can be replicated in a second group of independently selected subjects. 
This is an important goal because, to be useful in identifying patients with Alzheimer 
disease, any measurement technique must have sensitivity. To be sensitive, a 
procedure must differentiate between patients and controls with a high degree of 
accuracy in groups of independently selected subjects. 

The focus of our current study was to evaluate a newly developed computer
assisted image-analyzing technique with regard to measurement sensitivity. The 
new computerized technique was developed to reduce measurement variability 
related to partial-volume effects and beam-hardening. Partial volume refers to the 
fact that while some pixels are all tissue or all fluid , others are only partially tissue 
and partially fluid . Beam-hardening manifests itself in the so-called cupping effect, 
which refers to the increase in CT numbers near the periphery of the CT slice [6, 
7). A computer program that can reduce this artifact can segment the pixels into 
fluid and tissue regions with greater accuracy, particularly at the skull-brain bound
ary. This may improve the ability to distinguish between Alzheimer patients and 
control subjects. 

To improve diagnostic accuracy it is important to focus on the regions of the 
brain that are known to reflect the primary neuropathologic change of the disorder 
in question. With regard to Alzheimer disease, it is increasingly clear that regions 
in the temporal lobe are of primary importance. This includes the hippocampus, the 
amygdala, and the parahippocampal gyri of the medial temporal region, as well as 
the medial and inferior temporal gyri and the posterior ends of the sylvian fissure 
[8-13] . If microscopic changes in these areas are reflected in macroscopic altera-
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tions in the atrophic characteristics of the t issue, measure
ments of these regions should improve one's ability to differ
entiate Alzheimer patients from controls. A recent study that 
used perceptual ratings of CT scans confirmed this hypothe
sis by demonstrating that the identification of Alzheimer pa
tients was improved when atrophy ratings of temporal-lobe 
regions were emphasized [14]. Computerized measures of 
these regions should further increase patient identification. 

Our current study was undertaken to determine the degree 
to which the CT scans of several groups of Alzheimer patients 
and controls could be differentiated by the newly developed 
computerized procedure that incorporated measurements of 
temporal-lobe regions. Comparisons were made separately 
for subjects younger and older than 65 years of age, as well 
as for all subjects together, because previous studies have 
indicated that the variables that distinguish younger and older 
Alzheimer patients from controls differ [3 , 4]. 

Subjects and Methods 

Subjects 

Eighty subjects were included in the study, 49 patients with 
dementia of the Alzheimer type and 31 normal control subjects. They 
were 51-82 years old. The mean age of the Alzheimer patients was 
69.3 ± 8.6 and the mean age of the controls was 66.5 ± 7.6. There 
was no significant difference in the ages of the two groups [t (2, 78) 
= 1.48, P = .14]. 

The diagnosis of Alzheimer disease was made in concordance with 
National Institute of Neurological and Communication Disorders and 
Stroke/Alzheimer's Disease and Related Disorders Asociation criteria 
[15]. It was based on the judgment of a staff neurologist, with 
independent agreement from a staff psychiatrist and neuropsychol
ogist. Several diagnostic tests (e.g. , CT, electroencephalography, 12-
factor automated blood chemistry test, urinalysis , and measurement 
of thyroxine and folate levels) were administered to exclude those 
patients with medical conditions known to produce dementia. These 
tests were used to rule out various hydrocephalic, metabolic, neo
plastic, infectious, and traumatic causes of dementia. Patients with a 
record of severe head trauma, alcoholism, serious psychiatric illness, 
learning disabilities, epilepsy, lung disease, kidney disease, or cancer 
were excluded. All Alzheimer patients received an ischemic score of 
4 or less on the ischemic scale for estimating the likelihood of 
multiinfarct dementia [16]. 

The normal controls were members of the Normative Aging Study 
at the Boston Veterans Administration Outpatient Clinic. As such, 
complete medical records were available on these individuals for the 
past 20 years. Subjects with a history of alcoholism, psychiatric 
illness, epilepsy, chronic lung disease, kidney disease, or cancer were 
excluded from this study. 

All subjects provided informed consent for study participation. 

CT Scan Assessment 

CT scans (without contrast material) were obtained with an Ohio
Nuclear Delta 2010 scanner at the Boston Veterans Administration 
Medical Center and a Somatom 2 CT scanner at the Brigham and 
Women 's Hospital , Boston. The picture element size was 1 x 1 mm, 
and the image was reconstructed on a 256 x 256 matrix. The CT 
density number scale was -1000 for air (± 2 H) and 0 for water. The 
scans were obtained approximately 20° to the canthomeatal line 
starting at the level of the chiasmic cistern and proceeding to the 
level of the superficial sulci at the vertex. Each CT slice was 7 mm 
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Fig. 1.-Graph of CT attenuation values shows cupping effect. Analysis 
was performed on slice at bodies of lateral ventricles. 
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Fig. 2.-CT attenuation values after procedure to reduce cupping effect 
has been applied. Analysis was performed on slice at bodies of lateral 
ventricles. 
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Fig. 3.-Example of regional distribution of CT attenuation values. Fluid 
mean, tissue mean, and center between the two distributions have been 
marked by the operator. 
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Fig. 4.-Five CT slices selected for evaluation. 
Slice 1: A = sylvian fissures; B = suprasellar cistern; C = temporal horns of lateral ventricles. 
Slice 2: D = sylvian fissures, E = third ventricle. 
Slice 3: F = sylvian fissures, G = third ventricle. 
Slice 4: H = bodies of lateral ventricles. 
Slice 5: I = superficial sulci. 

TABLE 1: Comparison of Computerized CT Measurements in 
Alzheimer Patients and Normal Control Subjects 

% Area (mean ± SO) 
Student's 

CT Slice: Region Control Alzheimer t Test 

Slice 1: 
Sylvian fissure 1.7 ± 0.7 3.3 ± 1.4 -6.16 
Temporal horn 0.2 ± 0.2 1.1 ± 0.8 -5.61 
Suprasellar cistern 2.8 ± 0.9 4.4 ± 1.0 -7.03 

Slice 2: 
Sylvian fissure 2.1 ± 0.9 3.9 ± 1.8 -6.73 
Third ventricle 0.5 ± 0.2 0.9 ± 0.3 -6.49 

Slice 3: 
Sylvian fissure 2.0 ± 1.1 3.8 ± 1.5 -5.77 
Third ventricle 0.5 ± 0.3 0.9 ± 0.3 -5.24 

Slice 4: 
Lateral ventricles 8.1 ± 2.9 13.9 ± 4.7 -6.10 

Slice 5: 
Sulci 11.9 ± 6.0 17.7±7.1 -3.83 

Note.-These data are based on 49 Alzheimer patients and 31 normal 
control subjects (df = 78). There was a significant difference between the 
groups for each of the measurements (p :s .0001). 

thick. An approximately equal number of CT scans from patients and 
controls were obtained on each scanner. 

The digitized CT data were stored on magnetic tape and trans
ferred to a Microvax-2 computer. The images were displayed on a 
video monitor that permitted operator interaction with the displayed 
image. 

A computer program, known as the Region Growing Program (Y. 
Kim, unpublished data), was used to determine the area of a region 
of interest. The program uses a three-step procedure to identify fluid 
and tissue in a given region . The first step is an automatic prepro
cessing algorithm that identifies all pixels within the cranium. The 
second step is also an automatic program that reduces the cupping 
effect in the CT image. The next step involves an operator-interactive 
program that identifies the fluid (i.e. , CSF) and tissue regions (i.e. , 
gray and white matter) on the scan. 

The process of identifying the pixels within the skull has been 
described elsewhere [17]. The cupping effect can be illustrated by 
graphing the profile of CT values along a cut through the brain. Figure 
1 indicates that the profi le is cup-shaped; that is, the CT numbers 
near the periphery of the image are increased. The purpose of the 

preprocessing algorithm is to level off these values so that they are 
fairly flat along the profile, as demonstrated in Figure 2. The prepro
cessing algorithm is applied to all CT slices where the region of 
interest occurs at or near the skull-brain boundary. 

The operator-interactive program assumes that the image varies 
smoothly , and that fluid and tissue pixels are clustered together. The 
simplest and most common approach to identifying fluid and tissue 
on a CT slice is thresholding; that is, the use of fixed CT attenuation 
values as cutoff points. However, this would result in too many 
misclassifications. The current, more accurate method combines 
thresholding with a nearest-neighbor procedure. This latter method 
classifies a pixel on the basis of the CT attenuation values of the 
pixels that are adjacent to it. First, a determination is made of the CT 
values that clearly fall within the tissue or fluid range. This is accom
plished by displaying the bimodal histogram of CT attenuation values 
for a region of interest. The operator then marks the mean of the 
fluid distribution, the mean of the tissue distribution, and the dip 
between the distributions (Fig. 3). Only pixels with CT numbers far 
removed from the overlap in the fluid and tissue distributions are 
classified in the first pass of the computation . These pixels are labeled 
as fluid or tissue. The remaining pixels are classified in the second 
pass, with the use of information from the pixels surrounding the 
pixel to be classified. To assess the reliability of the operator-inter
active procedure, 12 CT scans were analyzed independently by two 
trained individuals. 

Regions Selected for Evaluation 

Five CT slices from each scan were selected for evaluation. These 
slices are shown in Figure 4. Nine regions of interest were selected . 
The area of the region of interest was normalized to the head size; 
that is , it was expressed in relation to the area as a whole, therefore, 
each value was termed percentage area. When the region existed in 
both hemispheres (i.e., the sylvian fissures , temporal horns, bodies 
of lateral ventricles, and superficial sulci), the percentages of the two 
areas were summed. 

Results 

Student 's t Test 

Student's t test was used to compare the percentage area 
for each of the selected features in the group of Alzheimer 
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TABLE 2: Percentage of CT Scans Correctly Classified (Alzheimer Patients vs Normal Control 
Subjects) by Discriminant Function Analysis of Exploratory Set and Test Set 

% Correct 

Age of Group: Model Region Selected Exploratory Test 
No. (Slice No.) Mean Set Set 

< 65 year old (n = 27): 
1 Temporal horn (1) 95 89 100 

Sylvian fissures (2) 
2 Third ventricle (3) 84 89 78 

Lateral ventricle (4) 
3 Third ventricle (3) 84 89 78 

Lateral ventricle (4) 
~65 years old (n = 53): 

1 Suprasellar cistern (1) 92 89 94 
Sylvian fissures (3) 

2 Sylvian fissures (3) 82 89 75 
Third ventricle (3) 
Superficial sulci (5) 

3 Suprasellar cistern (1) 87 92 81 
Third ventricle (3) 
Superficial sulci (5) 

All subjects (n = 80): 
1 Suprasellar cistern (1) 87 85 88 

Temporal horn (1) 
Sylvian fissures (2) 

2 Third ventricle (2) 77 85 68 
Sylvian fissures (3) 

3 Suprasellar cistern (1) 85 89 80 
Third ventricle (2) 
Sylvian fissures (2) 

Note.-ModeI1 focused on regions pertaining to the temporal lobe; model 2 focused on ventricular and supraven-
tricular areas; and model 3 permitted the discriminant function to select from among all nine variables. 

patients and in the control group. There was a significant 
difference between the groups for each of the measurements 
(p :-::; .0001). Table 1 presents the results of this analysis. 

Discriminant Function Analyses 

Three sets of discriminant function analyses were per
formed . Set 1 included only subjects under the age of 65. 
The mean ages of the patients and controls in this set were 
59.3 ± 3.9 and 59 .0 ± 4.5 years, respectively. These means 
did not differ significantly from one another. Set 2 consisted 
of subjects 65 years old and older. The mean ages of the 
patients and controls in set 2 were 73 .7 ± 5.9 and 71.2 ± 4.9 
years, respectively. They also did not differ significantly in 
age. Set 3 combined all of the subjects, regardless of age, 
into one analysis. To determine whether the results of each 
of the analyses could be replicated in an independently se
lected group of subjects, the patients and controls in each 
set were randomly assigned to two subgroups-an explora
tory set and a test set. The discriminant function analysis was 
then carried out on the exploratory set, and the discriminant 
coefficients from that analysis were applied to the test set. 

Three models were examined within each set of discrimi
nant functions: (1) model 1 focused on regions pertaining to 
the temporal lobe; that is, measurements of the temporal 
horn, the suprasellar cistern, and the sylvian fissure on slices 
1, 2, and 3; (2) model 2 focused on ventricular and supraven
tricular areas; that is, measurements of the lateral ventricles, 

the superficial sulci, and the third ventricle on slices 2 and 3; 
and (3) model 3 permitted the discriminant function to select 
from among all nine of the variables. The results of these 
analyses are described below and are summarized in Table 
2. Figures 5 and 6 show CT scans on which the regions that 
best discriminated between the patients and control subjects 
are outlined . 

Subjects Under 65 Years of Age 

Twenty-seven subjects were under 65 years of age. Eight
een were assigned to the exploratory set (normal controls, 
eight; Alzheimer, 10) and nine to the test set (normal controls, 
five; Alzheimer, four). For model 1, the discriminant function 
analysis selected two variables: the temporal horn on slice 1 
and the sylvian fissure on slice 2. This discriminant function 
correctly classified 89% of the exploratory set and 1 00% of 
the test set [x 2(3) = 11.434, P :-::; .003]. The average classifi
cation accuracy, therefore, was 95%. For model 2, the model 
that focused on ventricular and supraventricular regions, the 
discriminant function analysis selected two variables: the area 
of the third ventricle on slice 3 and the area of the lateral 
ventricles on slice 4. This discriminant function correctly clas
sified 89% of the exploratory set and 78% of the test set 
[x 2(2) = 13.086, P :-::; .001]. For model 3, the model that 
contained all variables, the discriminant function analysis se
lected the same two variables as model 2: the area of the 
third ventricle on slice 3 and the lateral ventricles on slice 4 
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Fig. 5.-CT scans of regions that 
best differentiate Alzheimer patients 
and controls younger than age 65. Pho
tographs show manner in which re
gions are outlined before application of 
computer program. 

A and B, Temporal horns on slice 1 
in normal control subject (A) and Alz
heimer patient (B). 

C and D, Sylvian fissures on slice 2 
in normal control subject (C) and Alz
heimer patient (D) . 

A 

c 

[x2(2) = 13.773, p:5 .003]. Thus, 89% of the exploratory set 
and 78% of the test set were correctly classified, for a mean 
of 84%. 

Subjects 65 Years Old and Older 

Fifty-three subjects were 65 years old or older. Thirty-seven 
were assigned to the exploratory group (normal controls , 12; 
Alzheimer, 25) and 16 to the test group (normal controls, 
seven; Alzheimer, nine). For model 1 , the discriminant function 
selected two variables: the suprasellar cistern on slice 1 and 
the sylvian fissure on slice 3. This discriminant function cor
rectly classified 89% of the exploratory set and 94% of the 
test set [x2(3) = 27 .26, :5 .00001]. The average classification 
accuracy, therefore, was 92%. Three variables were selected 
for model 2: the sylvian fissure on slice 3, the third ventricle 
on slice 3, and the superficial sulci on slice 5 [x2(3) = 27 .57 , 
p:5 .00001] . These variables classified 89% of the exploratory 
set and 75% of the test set correctly. Model 3 used three 
variables: the suprasellar cistern on slice 1, the third ventricle 

B 

o 

on slice 3, and the superficial sulci on slice 5 [x2(3) = 32 .26 , 
P :5 .00001]. This model correctly classified 92% of the 
exploratory group and 81 % of the controls. 

All Subjects 

Of the 80 subjects in the study, 55 were assigned to the 
exploratory group (normal controls, 20; Alzheimer, 35) and 
25 were in the test group (normal controls , 11 ; Alzheimer, 
14). The discriminant function with model 1 selected three 
variables: the suprasellar cistern and the temporal horn on 
slice 1 and the sylvian fissure on slice 2 [x2(4) = 35 .09 , P :5 

.00001] . With these variables , 85% of the exploratory group 
and 88% of the test group were classified correctly . Model 2 
selected the third ventricle on slice 2 and the sylvian fissure 
on slice 3 [x 2(2) = 35.55 , P :5 .00001] . The exploratory group 
had an accuracy of 85% correct classification; that of the test 
group was 68%. Three variables were selected by model 3: 
the suprasellar cistern on slice 1 and the sylvian fissure and 
third ventricle on slice 2 [x2(3) = 38.69 , p:5 .00001] . 
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Correlations 

Pearson product moment correlations were used to evalu
ate the reliability with which the operator-interactive aspect 
of the Region Growing Program was implemented. The inter
correlations of seven of the nine measurements made by the 
two operators were calculated . Two regions on slice 2 were 
not included in the analysis because the same regions were 
represented on slice 3. Table 3 presents the results of the 
correlational analysis . Reliabilities ranged from .78 to .98 
(mean, .92). 

Discussion 

The results indicate that the newly developed computerized 
procedure for analyzing CT scans (the Region Growing Pro
gram) can discriminate between independently selected 
groups of Alzheimer patients and controls with an average 
accuracy that approaches 94%. However, this degree of 
accuracy is achieved only when the analysis emphasizes 
regions in the temporal lobe, such as the temporal horn and 

Fig. 6.-CT scans of regions that 
best differentiate Alzheimer patients 
and control subjects 65 years old and 
older. Photographs show manner in 
which regions are outlined before ap
plication of computer program. 

A and B, Suprasellar cisterns on 
slice 1 in normal control subject (A ) and 
Alzheimer patient (B) . 

C and 0, Sylvian fissures on slice 3 
in normal control subject (C) and Alz
heimer patient (0). 

the sylvian fissure, and when subjects under the age of 65 
are analyzed separately from those 65 years old and older. 

The average accuracy of the model that focused on regions 
in the temporal lobe was 95% for the younger subjects and 
92% for the older subjects. However, this dropped to 87% 
when all of the subjects were combined in one analysis. The 
model that focused on ventricular and supraventricular areas 
had an average accuracy of 84% for the younger subjects 
and 82% for the older ones. When all the subjects were 
combined in one analysis, this model produced an average 
accuracy of 77%. Model 3, the model that used all variables, 
produced results that were lower than those of model 1 for 
both the younger (84%) and older (87%) subjects. When all 
the subjects were combined in one analysis, model 3 pro
duced an accuracy that fell between those of models 1 and 2 
(85%). 

These findings support the conclusion of LeMay et al. [14] 
that the differentiation of Alzheimer patients from controls on 
CT scans is greatly improved by an assessment of regions in 
the temporal lobe. It is increasingly clear that the neuropath
ologic and neurochemical changes associated with Alzheimer 
disease are not evenly distributed. The temporal lobe is, on 
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TABLE 3: Intercorrelation of CT Measurements Performed by 
Two Independent Operators 

CT Slice: Region 

Slice 1: 
Sylvian fissure 
Temporal horn 
Suprasellar cistern 

Slice 2: 
Sylvian fissure 
Third ventricle 

Slice 4: 
Lateral ventricles 

Slice 5: 
Sulci 

Note.-n = 12; df = 10. 
a p ~ .003; all others, p ~ .0001 . 

Correlation 
Coefficient (r) 

.78" 

.98 

.92 

.97 

.92 

.98 

.91 

the whole, the most severely affected area. There is a con
centration of neurofibrillary tangles in the pyramidal cells of 
the subicular area of the hippocampus [8] . Parts of the 
entorhinal cortex of the parahippocampal gyrus are also se
verely affected [10, 12], as well as the amygdala [9]. It has 
been suggested that these pathologic changes produce a 
functional isolation of the hippocampus, producing the mem
ory impairment that typifies Alzheimer disease [12]. Because 
a striking memory deficit is the most common early symptom 
of Alzheimer disease [18], it is likely that these regions are 
affected early in the disease. Our current data indicate that a 
computerized analysis of CT scans in mildly impaired Alz
heimer patients has a greater likelihood of accurately differ
entiating patients from controls if it is focused on the regions 
in the temporal lobe that are prominently affected by the 
disorder. 

In addition , these data add to the increasing evidence that 
younger and older Alzheimer patients differ in a number of 
basic physiologic parameters. Late-onset cases show less 
widespread neuropathologic and neurochemical changes. 
They have fewer neurofibrillary tangles in the neocortex [19] , 
less loss of cells in the nucleus basalis of Meynert [20] , and 
a relatively pure cholinergic deficit confined to the temporal 
lobe and hippocampus [21] . By contrast, the early-onset 
cases have more extensive neuropathologic changes, along 
with abnormalit ies in several neurotransmitter systems [21 , 
22] . Therefore, it is not surprising that it is necessary to 
analyze the CT scans of younger and older Alzheimer patients 
separately to better differentiate Alzheimer patients from nor
mal control subjects. 
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