
Limbic Connections

Leighton P. Mark, David L. Daniels, Thomas P. Naidich, and Lloyd E. Hendrix

Anatomic Moment
The main structures of the limbic system,
which have been described in past anatomic
moments (1–5), are interrelated by a complex
system of connections (6–8) that continue to
be defined. The purpose of this anatomic mo-
ment is to summarize briefly some of the better
known pathways, although a detailed discus-
sion is beyond the scope of this small overview.
In 1937 a closed system, now known as the

circuit of Papez (9) (Fig 1), was described link-
ing the hippocampus, fornix, mamillary body,
thalamus, and cingulum. Papez had suggested
that this circuit was an essential part of the
structural basis of emotion. Fibers from the hip-
pocampus contribute to the alveus, which coa-
lesce medially to form the fimbria. The fimbria
forms the arching fornix, which projects to the
mamillary body via the postcommissural fornix.
Although the mamillary bodies project primarily
to the anterior thalamic nucleus, some fibers
also extend to the midbrain tegmentum. The
anterior thalamic nucleus in turn projects to the
cingulum deep to the cingulate gyrus to reach
the temporal lobe entorhinal area, where the
fibers connect with the hippocampus to com-
plete the circuit. This is the classic description
of the circuit of Papez, but more recent ana-
tomic investigations have contributed to a
greater appreciation of the role of the subicu-
lum, indirect pathways, and cingulum (10) to
this limbic system circuit.
The intrinsic connections of the hippocampus

involve fibers from the entorhinal area, dentate
gyrus, Ammon’s horn, and the subiculum. The
three primary pathways (11) of this area are
called the perforant path, mossy fibers, and
Schaffer collaterals (Fig 2). The existence of a
fourth pathway, the alvear path from the ento-
rhinal area to Ammon’s horn through the
alveus, has been questioned. The perforant path
(Fig 2, red arrow) is considered the main affer-
ent pathway to the hippocampus, where glu-
taminergic fibers from the entorhinal area “per-
forate” the subiculum, traverse the fused
hippocampal fissure, and reach the dentate gy-
rus. Investigators debate whether some per-
forant fibers reach Ammon’s horn. The glu-
taminergic mossy fibers (Fig 2, light blue
arrow) then extend from the dentate gyrus to
CA-4 and CA-3, although some efferent fibers
from CA-4 and CA-3 project to the fimbria.
Many axons of CA-4 and CA-3, however, give
off the Schaffer collaterals (Fig 2, yellow arrow)
that reach the dendrites of CA-1. CA-1 is con-
sidered the main output of the hippocampus
with fibers (Fig 2, dark blue arrow) extending to
the alveus, fimbria, and then fornix. A supple-
mentary linkage with the subiculum also is be-
lieved to be present.
The efferent fibers from the hippocampal re-

gion can be considered in three groups: pre-
commissural fornix, postcommissural fornix,
and nonfornical fibers (7). The precommissural
fibers of the fornix (Fig 3, short red arrows) can
originate from the cornu Ammonis or the sub-
iculum. These fibers travel within the fimbria,
crura, and body of the fornix, and then the pre-
commissural fibers of the fornix. The cornu am-
monis fibers terminate exclusively in the lateral
septal nucleus, whereas the subicular fibers are
distributed to nucleus accumbens, anterior ol-
factory nucleus, lateral septal nucleus precom-
missural hippocampus, medial frontal cortex,
and gyrus rectus. The postcommissural fibers
(Fig 3, blue arrows) mostly terminate in the
mamillary body, although some fibers also
project to the anterior thalamic nucleus, bed
nucleus of the stria terminalis, and ventromedial
hypothalamic nucleus. The nonfornical fibers
(Fig 3, long red arrows) project directly from
the hippocampus to the entorhinal area as well
as to the posterior cingulate and retrosplenial
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Fig 1. A, Reference drawing for Figures 1B through D (circuit of
Papez) and Figures 3 through 5. The hippocampus, fornix, mamil-
lary body, and thalamus (anterior nuclear group) are demonstrated
in this slightly tilted medial view of the cerebral hemisphere.

B, The fibers from the hippocampus converge to form the fim-
bria, which in turn form the fornix. The curvilinear fornix (blue
arrow) carries these fibers to the mamillary body.

C, The mamillary bodies then project fibers primarily to the
anterior nuclear group of the thalamus, although a minority of fibers
extend to the midbrain.

D, Fibers from the anterior thalamic nuclear group extend to the
cingulum to reach the parahippocampal gyrus (entorhinal area)
and then the hippocampus to complete the circuit of Papez.



Fig 2. Coronal schematic shows the in-
trinsic connections of the hippocampus.
The perforant path (red arrow) extends
from the entorhinal area to the dentate gy-
rus. The mossy fibers (light blue arrow)
extend from the dentate gyrus to CA-4 and
CA-3 with some fibers also projecting to
the fimbria. The Schaffer collaterals (yel-
low arrow) connect CA-3 and CA-4 with
CA-1. Fibers from CA-1 (dark blue arrow)
constitute the main efferent pathway from
the hippocampus with these fibers project-
ing to the alveus and then the fimbria and
fornix.

Fig 3. Main efferent projection of the hippocampus. Fibers orig-
inating from the subiculum and cornu ammonis extend to the
precommissural fibers (short red arrows) of the fornix, which
project to the septal region and surrounding structures. The post-
commissural fornical fibers (blue arrows) predominantly project to
the mamillary body with some fibers also reaching the thalamus
and ventromedial hypothalamic nucleus. The nonforniceal fibers (long
red arrows) project directly from the hippocampus to the entorhinal area,
posterior cingulate, and retrosplenial cortices and the amygdala.
Fig 4. Main afferent connections of the hippocampus. Fibers from

the supramamillary and septal regions reach the hippocampus via the
fornix (blue arrow). The anterior and midline thalamic (MT) nuclear
groups reach thehippocampus via the cingulum(red arrow). The amyg-
dala also projects to the hippocampus (green arrow).
Fig 5. Limbic pathways linking the telencephalon, diencephalon, and

midbrain. The stria medullaris (thin green arrow) connects the septal
nuclei with the habenula. Fasciculus retroflexus (thin orange arrow)

connects the habenulawith the brain stem. Themedial forebrain bundle (thin purple arrow) links the septal regionwith themidbrain. Also shown are
the bidirectional fibers of the fornix (blue arrows) and stria terminalis (long yellow arrow), which link the septal region and amygdala. Themamillary
body–thalamus–cingulum–hippocampus (red arrows) and amygdala–hippocampus (short yellow arrow) connections are indicated.



cortices and the amygdala. The hippocampus is
able to reach many cortical areas via the ento-
rhinal and perirhinal cortices. It is important to
understand that the hippocampus has major
connections with associational cortical areas
and with subcortical limbic structures (12, 13).
The relationships of the hippocampal-parahip-
pocampal complex with the associational corti-
cal areas are believed to be integral to the learn-
ing and memory processes.
Many of the limbic fiber tracts are bidirec-

tional so that the hippocampal complex also
received afferent input from many areas that it
projects to (Fig 4). Fibers from the medial sep-
tal nucleus reach the hippocampal region via
the fornix (14) (Fig 4, blue arrow). Fibers from
the nucleus of the diagonal gyrus and suprama-
millary region also project to the hippocampal
region via the fornix. The anterior and midline
thalamic nuclear complexes extend to the hip-
pocampal region via the cingulum (Fig 4, red
arrow), which is part of the circuit of Papez. The
amygdala also provides input to the hippocam-
pus and entorhinal cortex (Fig 4, green arrow).
Limbic pathways also provide connections

between the telencephalon, diencephalon, and
central midbrain structures (6) (Fig 5). The stria
medullaris (Fig 5, thin green arrow) carries fi-
bers from the septal to the habenula nuclei.
These impulses are then conveyed to the mid-
brain via fasciculus retroflexus (Fig 5, thin or-
ange arrow). The medial forebrain bundle (Fig
5, purple arrow) carries fibers directly from the
septal region to the midbrain tegmentum after
traversing the lateral hypothalamic area. Fibers
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from the mamillary bodies also project to the
midbrain by the mamillotegmental tract (not
indicated).
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