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Interuncal Distance Measurements in Healthy Volunteers and in

Patients with Alzheimer Disease

Bridget Early,' P. Rodrigo Escalona,' Orest B. Boyko,? P. Murali Doraiswamy,' Dave A. Axelson,' Linda Patterson,’

William M. McDonald,' and K. Ranga Rama Krishnan'*

PURPOSE: To evaluate further the clinical utility of the interuncal distance (IUD) measured from
axial MR scans as a reflection of hippocampal atrophy. METHODS: The IUD measured from the
axial MR scans of 17 healthy control subjects was correlated with the volume of the amygdala
hippocampal complex obtained from coronal MR images. The IUD was also measured on axial
MR scans in 12 patients with possible or probable Alzheimer disease. RESULTS: The correlation
between the total amygdala hippocampal volume and the IUD was insignificant for control subjects
(r=—0.38, P=.13). When analysis of covariance was performed with the IUD as the dependent
variable and age and diagnosis as the independent variables, overall R* was 0.25. Age (F = 5.02,
df = 1, P = .034), but not diagnosis (F = 0.02, df = 2, P = .88), had a significant effect.
CONCLUSIONS: The IUD has no significant correlation with the amygdala hippocampal volume.
The 1UD appears to be a better measure of overall brain volume, which changes with age. In our
patient population diagnosed with mild to moderate Alzheimer disease, the IUD measurement was
not found to be useful in distinguishing their scans from those of the volunteers.
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In a recent report, Dahlbeck et al (1) suggested
the use of an interuncal distance measurement
from transaxial magnetic resonance (MR) images
to distinguish patients with Alzheimer disease.
They suggested an increased interuncal distance
to be reflective of hippocampal formation atrophy
associated with Alzheimer disease.

Doraiswamy et al (2) measured interuncal dis-
tance on transaxial MR images of 75 healthy
volunteers, aged 21 to 82, and found a significant
age effect, with elderly subjects having a progres-
sively increased interuncal distance.

To evaluate the validity of interuncal distance
as an indirect measure of the hippocampal for-
mation size and potential atrophy, we compared
the interuncal distance on axial MR scans with
the hippocampal amygdala complex volume ob-
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tained using stereology (3) in a group of healthy
volunteers. To evaluate further the utility of the
interuncal distance in the diagnosis of Alzheimer
disease, we studied this measure in healthy con-
trol subjects and in patients with possible or
probable Alzheimer disease.

Materials and Methods
Subjects

For the volume-interuncal distance correlation, the sub-
jects were 17 healthy volunteers of which nine were
women, with an age range of 26 to 78 years (mean age of
49 + 19 years). They were without significant neurologic
or psychiatric illness. For the interuncal distance study,
and additional 12 patients, of which seven were women,
with the diagnosis of possible or probable Alzheimer dis-
ease, based on NINCDS-ADRDA criteria (4), were studied.
Age range was 56 to 86 (mean age of 73 x 9 years). The
interuncal distance in the control groups and in the group
of patients with Alzheimer disease was compared. Mini-
Mental State Exam (MMSE) scores for the group of Alz-
heimer disease patients ranged from 13 to 25 (mean of 20
+ 4).
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Fig. 1. Illustration of interuncal and interparietal distance measurement on axial section. Key: O, —— = control subjects (R® = .26);

, — = patients with Alzheimer disease.

Fig. 2. The interuncal distance correlated with the amygdala/hippocampal volume in healthy control subjects. Key: O ——=

control subjects (R* = .14).

Fig. 3. The interuncal distance/interparietal distance ratio correlated with age in control subjects and in patients with Alzheimer

disease.

MR Procedure

All patients and healthy volunteers had brain MR scans
on a 1.5-T General Electric Signa System (Milwaukee, WI).
They were positioned in a quadrature head coil with the
canthomeatal line at O degrees from the vertical axis and
the laser grid centered at the nasion. T1-weighted (500/
20/0.75, TR/TE/excitations) and T2-weighted (2000-
2500/30, 80) spin-echo 5-mm thick axial sections with a
2.5-mm intersection gap were obtained parallel to the
canthomeatal line using flow compensation. Coronal im-
ages were obtained of all healthy volunteers and patients.
These images were graphically prescribed from a midsag-
ittal localizer section and obtained perpendicular to the
bicommissural line; they were 5 mm thick and contiguous.
All coronal images were acquired with a T1-weighted pulse
sequence (500/20).

Volume and Distance Measurements

The volume of the amygdala-hippocampal complex was
obtained on the coronal images based on a systematic
sampling of the structure of interest (3). No attempt was
made to separate the amygdala from the hippocampus
inasmuch as their anatomic distinction on the scans is
arbitrary and subject to considerable variability. The uncus,
cornu ammonis, dentate gyrus fimbria, and subiculum were
included. The parahippocampal gyrus was excluded by
defining the most medial edge of the medial temporal gray
as the point of separation. The anterior limit was the first
section in which the amygdala was noted; the posterior
limit was the point at which the gyrus fasciolaris and the
upward curving of the fimbria were noted. The amygdala-
hippocampal volumes were obtained by two raters, inter-
rater reliability estimated, and the average data between
the two raters used for subsequent analysis.

The interuncal distance was measured on the TI-
weighted (500/20) transaxial section at the level of the
suprasellar cistern. A measurement of the interparietal
distance was also obtained on the same section by meas-
uring between the outer edges of the parietal lobes through
the interuncal line (Fig. 1). Measurements were made with
a computer-generated transparent scale calibrated to 1.0
mm and were made blind to the subject’s age, sex, and
diagnosis. One rater measured all the interuncal distances,
a second rater measured the interuncal distances on 10
randomly selected subjects, and an interrater reliability
estimate was obtained. All subsequent analyses were done
using the interuncal distance as measured by the first rater.
As a control for brain size, these analyses were also done
using the ratio of the interuncal distance to the interparietal
distance. All measurements were corrected to real brain
size by a magnification factor of 2.65. These measurements
were used to analyze the relationship between the interun-
cal distance and the amygdala-hippocampal volume.

Results

The interclass coefficient between the two rat-
ers of the amygdala-hippocampal complex vol-
ume was .86 and .90 for the right and left amyg-
dala-hippocampal volumes, respectively. The in-
terclass correlation coefficient between the two
raters for the interuncal distance measurements
was .94; that for the interparietal distance was
81.

Total amygdala-hippocampal volume was not
significantly correlated with the interuncal dis-
tance in control subjects (r= —.38, P = .13) (Fig.
2). The correlation between interuncal distance
and interparietal distance was r = .26, P = .31



AJNR: 14, July/August 1993

for the control subjects; and r = .02, P = .94 for
the Alzheimer disease patients. The MMSE scores
of the Alzheimer disease patient group was not

correlated with the interuncal distance (r = —.26,
P = .42). MMSE was not correlated with the ratio
of the interuncal/interparietal distance (r = —31,
P = .32).

Analysis of covariance was performed with the
interuncal distance as the dependent variable, and
age and diagnostic category as independent vari-
ables. Age had a significant effect (F = 5.02, df
= 1, P = .034), but diagnosis did not (F = 0.02,
df = 1, P = .88). Analysis of covariance was also
performed with the interuncal/interparietal dis-
tance ratio as the dependent variable. Age had a
significant effect (F = 5.37, df = 1, P = .029),
but the diagnosis remained insignificant (F =
0.01, df = 2, P = .93) (see Fig. 3).

Discussion

Recent investigations have focused on MR im-
aging of the temporal lobe and the hippocampal
formation, including anatomic (5-8), volumetric
(9-13), and pathologic (13-23) studies. Interest
has emerged concerning the interuncal measure-
ment on axial MR scans as a possible reflection
of hippocampal atrophy (1) and its correlation
with age (2).

In the present study, the interuncal distance
was insignificantly correlated with the amygdala-
hippocampal volume. There are a number of
possible explanations for this. The uncus is pri-
marily occupied by the amygdaloid complex and
it is possible that if the amygdala, the uncal
portion of the hippocampus, and the uncus could
be reliably distinguished from the rest of the
hippocampus on MR images, a stronger correla-
tion would be found. It is more likely that the
interuncal distance is a better indicator of overall
cranial size and of volume loss of the brain. Thus,
the generalized brain atrophy, which occurs with
normal aging, probably accounts for the strong
correlation of interuncal distance with age. When
controlling for age in our study, there was no
significant correlation with any diagnostic cate-
gory. Nor was there a significant correlation be-
tween the degree of dementia as assessed by
MMSE scores and the interuncal distance in this
group of Alzheimer disease patients.

Alzheimer disease is characterized by increased
atrophy, particularly of the hippocampal forma-
tion, but the degree of atrophy in other than end-
stage disease may overlap with normal age-re-
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lated atrophy, at least within the limits discernible
by present MR imaging. Because many of the
interuncal distance values reported by Dahlbeck
et al (1) for their Alzheimer disease patient group
are much higher than those seen in our Alzheimer
disease group, it is possible that they were study-
ing a more advanced stage of the disease.

In conclusion, our study suggests that the in-
teruncal distance measurement may not be useful
for diagnosis in early Alzheimer disease. Further-
more, the interuncal distance did not correlate
with the amygdala-hippocampal volume in our
study, suggesting that it is not a specific marker
of hippocampal atrophy.
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