MR Anatomy of the Substantia Innominata and Findings in Alzheimer
Disease: A Preliminary Report
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PURPOSE: To demonstrate normal MR anatomy of the substantia innominata and its changes in
Alzheimer disease on MR imaging. METHODS: Using a 1.5-T superconductive MR unit, thickness
of the substantia innominata was measured on coronal thin-section images obtained in 22 patients
with Alzheimer disease and 14 age-matched control subjects. Comparison of these images with
postmortem specimens of human brain was also performed. RESULTS: On T2-weighted images
through the anterior commissure, the substantia innominata was clearly identified between the
globus pallidus and the anterior perforated substance. In Alzheimer disease, thinning of the
substantia innominata was more frequently observed than in the age-matched controls. CONCLUSION: Thin-section T2-weighted coronal MR images can demonstrate shrinkage of the substantia
innominata, a finding that may aid in the diagnosis of Alzheimer disease.
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The substantia innominata, in which the nucleus basalis of Meynert exists, is reported to
be one of the vulnerable sites in Alzheimer disease
(1, 2). Histologic evaluation has shown neuronal
loss in the nucleus basalis of Meynert in Alzheimer
disease (1, 2). However, on imaging studies
the substantia innominata has been a difficult site
to evaluate because of its small size. The purposes of our study are twofold: one is to clarify
the complex anatomy of the basal forebrain
using magnetic resonance (MR) imaging, and the
other is to investigate changes of the substantia
innominata in patients with Alzheimer disease.
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Anatomy
The basal forebrain in the posterior part of the
rhinencephalon consists of several paleopallial
structures, including the substantia innominata,
the diagonal gyrus, and the paraterminal gyrus
(3–7). The substantia innominata and the diagonal gyrus are distributed linearly in the posterior half of the anterior perforated substance.
The paraterminal gyrus is located on the medial
aspect of the diagonal gyrus and posterior to the
subcallosal area (Fig 1A). The characteristic
features of the basal forebrain are the existence
of aggregations of large cholinergic neurons,
such as the nucleus basalis of Meynert in the
substantia innominata, the nucleus of the diagonal band of Broca in the diagonal gyrus, and
the medial and lateral septal nuclei in the paraterminal gyrus (8 –10). There are cholinergic
projections from the nucleus basalis of Meynert
to the cerebral cortex and from the nucleus of
the diagonal band of Broca and the septal nuclei
to the hippocampal formation (11–14).
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Fig 1. Surface anatomy of the basal forebrain.
A, Schematic drawing viewed from the bottom. The substantia innominata (i) and the diagonal gyrus (d) are in the posterior part of
the anterior perforated substance (a). The diagonal gyrus is on the posterolateral aspect of the paraterminal gyrus (p), which is located
posterior to the subcallosal area (s).
B, Schematic drawing viewed from the medial aspect. The paraterminal gyrus (p) is located posterior to the subcallosal area (s) and
anterior to the anterior commissure (arrowhead). Three coronal lines indicate the planes we investigated: 1, the plane through the
paraterminal gyrus (Fig 2); 2, the plane through the anterior commissure (Fig 3); and 3, the plane through the columna fornicis (Fig 4).

Materials and Methods
Anatomic Study
After formaldehyde fixation and paraffin embedding,
contiguous coronal sections of two adult human brains
(73-year-old female and 78-year-old male) were obtained.
Section thickness was 26 mm, and a combination of
Weigert’s myelin and Nissl’s stains was used.
MR Study
Included in this study were 22 patients with probable
Alzheimer disease diagnosed by National Institute of Neurological and Communicative Disorders and Stroke/Alzheimer’s Disease and Related Disorders Association criteria (15) (7 male and 15 female patients), 58 to 76 years of
age (mean age, 66.9 years), and 14 age-matched patients

with other disorders (8 male and 6 female patients), 60 to
75 years of age (mean age, 67.3 years). They were prospectively examined using a 1.5-T superconductive MR
unit (Signa Advantage, General Electric, Milwaukee, Wis).
Indication for MR imaging in all the control patients was
suspicion of mild cerebrovascular occlusive disease. Patients having major neurologic deficits, dementia, memory
disturbance, parkinsonism, alcoholism, and any lesions
possibly including the basal forebrain were excluded from
the control subjects. Patients having tortuous vessels compressing substantia innominata were also excluded. This
criterion excluded one control patient (existence of the
tortuous right middle cerebral artery compressing the right
substantia innominata). The remaining 13 control patients
ranged in age from 60 to 75 years (mean age, 67.1 years).
Pulse sequences used were coronal fast spin-echo
3000/102/2 (repetition time/effective echo time/excita-
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Fig 2. Plane through the paraterminal gyrus (line 1 on Fig 1B).
A, Coronal section of the human specimen from a woman 73 years of age. The posterior border of the subcallosal area (s) is shown
on the inferomedial surface of the cerebral hemisphere. Myelinated nerve fibers, including the medial olfactory stria and the diagonal
band of Broca (arrow), are demonstrated between the subcallosal area and the nucleus accumbens septi (na). The paraterminal gyrus
(p) is located superomedial to these structures (Weigert’s myelin and Nissl’s stains).
B, Corresponding coronal T2-weighted (3000/102) MR image from a control subject (59-year-old woman). The paraterminal gyrus
(p) and the nucleus accumbens septi (na) are identified. A curvilinear structure with white matter signal intensity (arrow) probably
corresponds to the medial olfactory stria and the diagonal band of Broca.

tions) sequences as T2-weighted images. The echo train
length was 16. Section thickness was 3 mm with 1-mm
intersection gaps. The matrix size was 256 3 256, and the
field of view was 200 mm. These images were obtained in
all the patients and control subjects and were perpendicular to the anterior commissure–posterior commissure
line. In three control subjects, coronal T1-weighted images
were obtained by fast inversion-recovery 2500/34/4 (inversion time, 670) sequences. Section thickness was 3
mm with 1-mm intersection gaps. The data acquisition
matrix was 256 3 256, and the field of view was 200 mm.
Balanced and T2-weighted axial images in fast spin-echo
sequences (3000/17,102/1) were also obtained in all of the
cases. The echo train length was eight. Section thickness was
5 mm with 2 mm intersection gaps. The matrix size was 256
3 192, and the field of view was 220 mm.
The anatomic specimens were used as a guideline to
estimate where certain anatomic structures would appear
on the MR images, specifically in three contiguous coronal
planes: (a) one through the paraterminal gyrus, (b) one
through the anterior commissure, and (c) one through the
columna fornicis (Fig 1B).
The thickness and signal intensity of the substantia
innominata were blindly evaluated by one of the authors
(M.S.), and they were compared between patients with
Alzheimer disease and control subjects. To measure the
thickness, an image analysis program on a workstation of
the PACS (picture archiving and communicating system,
DataView, General Electric-Yokogawa Medical Systems,
Tokyo, Japan) was used. The thickness of the substantia
innominata was determined on the coronal T2-weighted

image through the anterior commissure. The contrast
among the substantia innominata, globus pallidus, and
cerebrospinal fluid was carefully optimized on the cathode
ray terminal before the measurement. The distance between the lower margin of the low signal area, corresponding to globus pallidus, and the surface of the substantia
innominata was measured at the narrowest portion in the
middle third of the substantia innominata. The signal intensity of the substantia innominata was visually evaluated
on the same images.

Results
In healthy subjects, the substantia innominata was not depicted on the plane through the
paraterminal gyrus (Fig 2) but was best visualized on the plane through the anterior commissure (Fig 3). It was also seen on the plane
through the columna fornicis (Fig 4). On the
section of the specimen through the anterior
commissure, the anterior commissure penetrated the globus pallidus, so that the substantia
innominata was located not below the anterior
commissure but below the subcommissural part
of the globus pallidus (Fig 3A). On the T2weighted image of the corresponding plane, the
superior margin of the substantia innominata
was readily distinguished from the low signal
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Fig 3. Plane through the anterior commissure (line 2 on Fig
1B).
A, Coronal section of the specimen (73-year-old woman). The
substantia innominata (i) is identified as a narrow area below the
subcommissural part of the globus pallidus (g), which is below
the anterior commissure (arrowheads) penetrating the globus
pallidus. The dotted line shows the boundary between the globus
pallidus and the substantia innominata. The diagonal gyrus (d),
shown in an L-shaped configuration, is located in the paramedian
region. The posterior part of the paraterminal gyrus (p) is a
median triangular area, superior to the anterior commissure (arrowheads). po indicates preoptic area (Weigert’s myelin and
Nissl’s stains).
B, Corresponding T2-weighted (3000/102) MR image in a
control subject (59-year-old woman). The substantia innominata
(i), the diagonal gyrus (d), and the posterior part of the paraterminal gyrus (p) are identified. The substantia innominata is
clearly distinguished from the subcommissural part of the globus
pallidus (g) because of the low signal intensity of the globus
pallidus. The substantia innominata and the diagonal gyrus have
the signal intensity of the gray matter. The measured portion of the substantia innominata thickness is indicated by arrows. The
arrowhead indicates the anterior commissure.
C, T1-weighted (2500/670/34) MR image in the same control subject as in B. The upper margin of the substantia innominata is not
evident.

intensity, which may represent the globus pallidus because of its magnetic susceptibility effect (Fig 3B). It was not possible to distinguish
them on T1-weighted images (Fig 3C). Medial
and lateral margins of the substantia innominata were not evident on any images. The substantia innominata had the signal intensity of
the gray matter on T1- and T2-weighted images. On the plane through the columna fornicis, the substantia innominata was identified as
a small triangular substance surrounded by the
optic tract, the anterior commissure, the globus
pallidus, and the amygdala (Fig 4).
In subjects with Alzheimer disease, T2weighted images through the anterior commissure (Fig 3B) were used to evaluate the thick-

ness of the substantia innominata. The average
thickness of the narrowest portions on the right
and left substantia innominatas ranged from 1.3
to 2.6 mm in Alzheimer disease (mean, 2.1
mm; SD, 0.4 mm), and was 2.6 to 3.5 mm
(mean, 3.0 mm; SD, 0.4 mm) in the control
group. Only three patients with Alzheimer disease had thick substantia innominata in the
range of control subjects. The decrease in the
thickness was statistically significant in patients
with Alzheimer disease (P , .01) (Table and
Figs 5 and 6). No statistical difference was
found between the thickness of right and left
substantia innominatas (Table). The signal intensity in the substantia innominata was not
altered in any patients.
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Fig 4. Plane through the columna fornicis (line 3 on Fig 1B).
A, Coronal section of the human brain specimen from a man 78 years of age. The substantia innominata (i) is seen as a narrow area
surrounded by the optic tract (o), the anterior commissure (arrowheads), the amygdala (a), and the globus pallidus (g). The paraterminal
gyrus and the diagonal gyrus are not included in this plane. c indicates the columna fornicis (Weigert’s myelin and Nissl’s stains).
B, Corresponding coronal T2-weighted (3000/102) MR image in a control subject (59-year-old woman). The substantia innominata
(i) is seen as a small area between the optic tract (o), the amygdala (a), and the globus pallidus (g). Its signal intensity is that of the gray
matter. c indicates the columna fornicis.

Discussion
Recent advances in neuropathology have
shown marked neuronal loss of the nucleus
basalis of Meynert in the basal forebrain in patients with Alzheimer disease (1, 2). In such
cases, diffuse loss of choline acetyltransferase
activity in the cerebral cortex is considered to be
related to neuronal depletion of the nucleus
basalis of Meynert (16 –18). Although neuronal
loss in other sites, such as the locus ceruleus
(19, 20) and the nucleus raphe dorsalis (21),
has also been noted, the nucleus basalis of
Meynert is believed to be a particularly important site in Alzheimer disease.
Although the nucleus basalis of Meynert has
been thoroughly investigated histologically, little attention has been paid in imaging studies.
The basal forebrain including the substantia innominata has not been well visualized on computed tomography because of its small size and
orientation, which is almost parallel to the axial
plane. Even on MR imaging, only brief descriptions by a few authors exists (22–24). Based on
our study, the substantia innominata can readily
be identified on coronal T2-weighted images as
a region of gray matter signal intensity. Because
the substantia innominata contains not only the
nucleus basalis of Meynert but also nerve tracts,
such as the diagonal band of Broca and other
amygdalofugal fibers, atrophy of the substantia

Thickness of the substantia innominata in Alzheimer disease
Thickness, mm

Alzheimer disease (n 5
22)
Control (n 5 13)

Right

Left

Average

2.2 6 0.4

2.1 6 0.4

2.1 6 0.4

2.9 6 0.5

3.1 6 0.3

3.0 6 0.4

Note.—Values are mean 6 SD.

innominata does not necessarily indicate neuronal loss of the nucleus basalis of Meynert.
However, we may at least suggest that the substantia innominata has some role in the process
of Alzheimer disease.
We used fast spin-echo because it was appropriate for evaluation of the thickness of the
substantia innominata in addition to having a
short acquisition time. With a conventional
spin-echo technique, signal loss of the globus
pallidus caused by its magnetic susceptibility
effect is significant in elderly patients, particularly in those with Alzheimer disease (25, 26).
Therefore, it is possible to underestimate the
thickness of the substantia innominata. With the
fast spin-echo technique, such signal loss is less
prominent (27, 28), but the contrast between
the globus pallidus and the substantia innominata is still sufficient to determine the boundary.
A volume measurement of the substantia innominata might be more sensitive than a linear
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Fig 5. T2-weighted (3000/102) MR image in a 62-year-old man with Alzheimer disease. The thinning of the substantia innominata
is noted (arrow).
Fig 6. T2-weighted (3000/102) MR image in a 76-year-old man with Alzheimer disease. The thinning and the concave inferior
surface of the substantia innominata are evident (arrow).

measurement to evaluate atrophy, but it is difficult, because the anteroposterior and mediolateral margins are not evident. Therefore, measuring the superoinferior dimension of the
midportion of the substantia innominata on
coronal MR images is probably the only available method. For this method, exact positioning
is crucial, because angulation of the scan plane
affects the thickness of the substantia innominata. In addition, because it is a very thin structure, higher spatial resolution and a thinner section thickness are also needed to avoid volume
averaging.
The value of the thickness of the substantia
innominata on an MR scan for differentiating
Alzheimer disease from other disorders with dementia remains controversial. Neuronal loss in
the nucleus basalis of Meynert is not a specific
finding in Alzheimer disease, and we can see it
in various other disease processes, such as Parkinson disease (29), parkinsonism-dementia
complex of Guam (30), alcoholic Korsakoff disease (29), Creutzfeldt-Jakob disease (31), progressive supranuclear palsy (32), and Pick disease (33). On the other hand, many MR findings
in Alzheimer disease have been reported, such
as atrophy of the mesial temporal lobe, including the hippocampus and the amygdala (34 –
36), enlarged interuncal distance (37), and altered signal of the mesial temporal lobe (38).
This is a preliminary study, and further studies
on the specificity of the MR changes in the substantia innominata and the correlation with

other reported MR features in Alzheimer disease
are in progress. We believe that morphologic
analysis of the substantia innominata should
promote further understanding of Alzheimer
disease.
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