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PURPOSE: To determine whether the four subdivisions of Ammon’s horn and six layers of CA1
seen histologically can be demonstrated with MR imaging. METHODS: Specimens of cadaver
brains were imaged in a 3.0-T MR imager with a 3.0-cm solenoid coil. The specimens were
sectioned, stained, and examined histologically. On anatomic sections, the four subdivisions of
Ammon’s horn and six layers of CA1 were identified. The MR images were then compared with the
anatomic sections. RESULTS: Using geographic characteristics, we identified the four subdivisions
of Ammon’s horn. In CA1, the six layers could be identified by variations in signal intensity, width,
and location. CONCLUSION: This study suggests that, with MR imaging of sufficiently high
resolution, the internal architecture of Ammon’s horn may be identified.
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Magnetic resonance (MR) imaging has been
effective in depicting the hippocampus and in
detecting mesial sclerosis in temporal lobe ep-
ilepsy (1–11). Routine MR imaging techniques
do not clearly distinguish the histologic layers
and all the subdivisions of the hippocampus.
MR demonstration of the subdivisions and lay-
ers of Ammon’s horn may improve the diagno-
sis of mesial temporal sclerosis, because some
portions of the hippocampus are more suscep-
tible to hypoxic injury than others. CA1 (Som-
mer sector) is also known as the vulnerable
sector. CA4 (Bratz sector) has been referred to
as the medium vulnerability sector. CA2 and
CA3 (Spielmeyer sector) have been called the
resistant sector (1). We studied the MR appear-
ance of the body of Ammon’s horn in the hip-
pocampal formation with high-resolution MR
imaging at 3.0 T.
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Materials and Methods
Five brains without neurologic disease obtained from

routine autopsy cases were fixed in 10% buffered formalin
solution for 3 weeks. A specimen 4 cm in height and 2.5
cm in diameter (with the long axis in the anteroposterior
direction) was harvested from each brain by means of
gross dissection. The specimens were placed into 45-mL
polypropylene containers with sufficient 10% buffered for-
malin solution to fill the container, and the containers were
sealed to exclude air.

The specimens in the containers were imaged in a Bio-
spec 3.0-T 60-cm imager (Bruker, Karlsruhe, Germany)
with a 3-cm-diameter solenoid coil (M.J.M., unpublished
data, 1994). Spin-echo interleaved images were obtained
in coronal planes with a sequence of 1000/30/4 (repetition
time/echo time/excitations), a 256 3 256 matrix, 1-mm
section thickness, 3- or 4-cm field of view, and a 1-mm
gap. Acquisition time was 17 minutes for a series of 11
images.

Two of the specimens were embedded in paraffin and
sectioned with a microtome in 6-mm thicknesses at se-
lected intervals. The sections were stained with hematox-
ylin-eosin and Luxol fast blue and photographed with a
35-mm camera and macro lens. The histologic sections
were correlated with the corresponding MR image from the
same specimen.

In anatomic sections, white and gray matter structures
were identified by location and staining characteristics.
The body of the hippocampus was identified in coronal
sections as two interlocking U-shaped structures, an up-
side-down U, which is mostly Ammon’s horn, and a
smaller, more medial right-side-up U, which is the dentate
gyrus and CA4. The following criteria were used to distin-



Fig 1. A, High-resolution MR image
through the body of the hippocampus.
The six layers of the hippocampus (small
arrows) represent, from top to bottom,
the alveus, stratum oriens, stratum pyra-
midale, stratum radiatum, stratum lacu-
nosum, and stratum moleculare. The
fimbria (arrowhead) is evident. SUP 5
superior, MED 5 medial, INF 5 inferior,
and LAT 5 lateral aspects of hippocam-
pus.

B, Magnified image of A. Labeling is
consistent with that of A.
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guish the four subdivisions of Ammon’s horn (CA1–CA4):
CA1 was defined as the lateral arm of Ammon’s horn; CA2
was defined as the superior flexure of Ammon’s horn be-
tween its medial and lateral arms; CA3 was defined as the
medial arm of Ammon’s horn, which extends into the
concavity of CA4 and the dentate gyrus; and CA4 was
defined as that portion of Ammon’s horn nested within the
dentate gyrus. Six layers are differentiated in CA1 by stain-
ing characteristics. The six layers are designated, from
lateral to medial, the alveus, stratum oriens, stratum py-
ramidale, stratum radiatum, stratum lacunosum, and stra-
tum moleculare.

Results

In MR images (1000/30), signal intensity is
low in white matter tracts, higher in cellular
regions, and highest in the cerebrospinal fluid
spaces that contain fluid. MR images show six
discrete layers of differing thicknesses and var-
ied signal intensities interspersed in the convo-
luted, upside-down U-shaped body of Ammon’s
horn (Fig 1). The most peripheral layer is a thin
zone of low-intensity signal that represents the
alveus, which curves over the outer margin of
the lateral and superior aspect of the hippocam-
pus to coalesce medially to form the fimbria. At
CA1, MR images show a thin strip of high-inten-
sity signal just medial to the alveus correspond-
ing to the stratum oriens. MR images show a
thicker layer with a homogeneous, intermediate
signal intensity deep to the stratum oriens con-
sistent with the stratum pyramidale. Medial to
the stratum pyramidale is a thin, higher-inten-
sity stripe that corresponds to the stratum ra-
diatum. A thin lower-intensity stripe medial to
the stratum radiatum corresponds to the stra-
tum lacunosum.
The four subdivisions of Ammon’s horn may
be distinguished with coronal MR imaging
through the body of the hippocampus (Fig 2).
CA1 forms the lateral arm of Ammon’s horn.
CA2 forms the superior curve of the upside-
down U configuration of Ammon’s horn near the
superior limit of the stratum lucidum, the curvi-
linear zone of lower signal intensity near strata
pyramidale and radiatum. CA3 represents that
portion of the medial arm of Ammon’s horn
between CA2 and the concavity of the dentate
gyrus. CA4 is nested within the dentate gyrus.

Discussion

Investigators have described the MR appear-
ance of the hippocampus but not the four sub-
divisions of Ammon’s horn or the six layers of
CA1 (1–3, 9–12). Hayes and colleagues (9)
using surface-coil phased-array MR imaging,
demonstrated improved resolution of the hip-
pocampus in vivo but were unable to resolve the
components of Ammon’s horn. This article de-
scribes the MR appearance of the subdivisions
and layers of Ammon’s horn.
Our observations may not be directly extrap-

olated to clinical imaging because experimental
imaging parameters different from prevalent
clinical imaging techniques were used to opti-
mize resolution. All possible anatomic struc-
tures and variations may not have been identi-
fied within the samples studied because of
normal anatomic variation. Anatomic distortion
may have been introduced into our specimens
by the method of harvest, through handling of
specimens, or by shrinkage through fixation.
Finally, the correlation of MR images of 1 mm



Fig 2. High-resolution MR image
through the body of the hippocampus 4
mm anterior to Figure 1. The subdivi-
sions of Ammon’s horn—CA1 (1), CA2
(2), CA3 (3), and CA4 (4)—are identi-
fied. The fimbria (arrowhead) is evident.
The parahippocampal gyrus (P), ambi-
ent cistern (AC), and dentate gyrus (D)
are identified. SUP 5 superior, MED 5
medial, INF 5 inferior, and LAT 5 lateral
aspects of hippocampus.

Fig 3. Coronal anatomic section
through the body of the hippocampus
corresponding to Fig 1A. The subdivi-
sions of Ammon’s horn—CA1 (1), CA2
(2), CA3 (3), and CA4 (4)—are evident.
The subiculum (S) and dentate gyrus (D)
are identified. The alveus (large arrow)
curves medially to terminate in the frin-
gelike fimbria (arrowhead). The stratum
locunosum (single small arrow) and

stratum moleculare (double small arrows) are identified. Gross inspection of the anatomic section cannot distinguish the stratum oriens,
stratum pyramidale, and stratum radiatum from one another (the three layers are collectively bounded with small arrowheads).
Discrimination of these layers on the histologic section was based on cell architecture as studied with a high-powered microscope.
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section thickness with 6-mm-thick anatomic
sections necessarily would be imperfect.
The separation of CA1–CA4 in Ammon’s

horn is defined by histologic differences in cell
bodies, and the border from one sector to an-
other is actually a gradual transition in the dom-
inant cell type. A good rough correlation exists
between our definition of CA1 to CA4, based
largely on geographic criteria, and the histo-
logic definition of those sectors (13, 14). The
subdivisions of Ammon’s horn were identified in
all five specimens studied. However, some in-
terspecimen variation in the ability to discrimi-
nate the six layers of CA1 was noted. A mini-
mum of four of the six layers of CA1 were
identified in each specimen. The distinction be-
tween cellular layers was equally well seen
throughout the hippocampus in a given speci-
men.
Resolution in our MR images was increased

by small field-of-view imaging at 3.0 T. With our
present imaging techniques, the signal-to-noise
ratio at 3.0 T exceeds that at 1.5 T by a factor of
1.4. Obtaining these results at 1.5 T would re-
quire longer acquisition times. Our results can-
not be attributed exclusively to imaging at
higher field strength, since MR images have
been obtained at 1.5 T that allow discrimination
of some of the layers of CA1 (L.P.M., unpub-
lished data, 1991). We obtained our high-reso-
lution images by using a small field of view and
a specially designed 3.0-cm-diameter solenoid
coil matched to the tissue region. Because the
signal-to-noise ratio at a given location within
the brain is determined by noise contributed by
all the tissue within a coil volume, our signal-to-
noise ratio was improved by imaging small tis-
sue specimens in our solenoid coil (9). Al-
though fixation changes signal intensity,
whether it improves contrast enough to explain
our results is questionable (15–17). The ab-
sence of motion artifacts from head movement,
brain pulsations, and flow of blood and cerebro-
spinal fluid also undoubtedly improved our

Fig 4. Coronal schematic drawing shows the subdivisions of
Ammon’s horn and six layers of CA1. The subdivisions of Am-
mon’s horn (CA1–CA4) are identified. The six layers of CA1 are
the alveus (1), stratum oriens (2), stratum pyramidale (3), stra-
tum radiatum (4), stratum lacunosum (5), and stratum molecu-
lare (6).



resolution. To achieve this resolution clinically,
we need to design strategies to get a small field
of view with better signal-to-noise ratio for
the temporal lobe. With MR techniques that
achieve sufficient resolution differential, sclero-
sis of CA1 and CA3 of Ammon’s horn may be
resolved.
We experimented with a variety of imaging

protocols to best resolve the six layers of CA1.
Spin-echo images with parameters of 4000/40–
80/4, 2000/20–40/4, 1500/60/4, and 376/
19/4 failed to discriminate the layers of CA1, as
with the 1000/30/4 sequence.
In summary, MR imaging can distinguish the

six layers of CA1 by location, course, signal
intensity, and thickness. The four subdivisions
of Ammon’s horn can be distinguished by loca-
tion and by the layers that compose them. This
study suggests the higher-resolution MR imag-
ing techniques may have application in the
evaluation of both temporal lobe epilepsy and
hypoxic states, including carbon monoxide poi-
soning, drowning, and sickle-cell anemia.
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