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2.1 Introduction

When the lips of the lateral fissure are separated
from each other, a new group of sulci and gyri
appear. They are arrayed together in the form of
an island, which is the reason why the German
anatomist, Johann Christian Reil, designated
them as “the insular lobe”.

Vicq d’Azyr and Monro also paid attention to
this region in the eighteenth century, but Reil was
the first to publish a description with some degree
of detail in 1809 [1-4]. Since the publication of
the fourth edition of the Paris Nomina Anatomica
in 1975, it has been systematically considered a
cerebral lobe [5, 6].

The insula is partially composed of the so-
called mesocortex. Its topography and physiol-
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ogy are intermediate to the isocortex, which
covers most of the cerebral hemispheres, and the
alocortex, which is present in the (phylogeneti-
cally older) amygdala and hippocampus [4, 5].

2.2 Topography

Embedded in and covered by the adjacent brain
lobes, the insula forms the medial limit of the lat-
eral (Sylvian) fissure in each cerebral hemi-
sphere. However, it does not occupy the full
extent of that fissure. Anteroinferiorly, the initial
portion of the fissure has a preinsular topography.
Similarly, it extends posterior to the last gyri of
the insula, forming the retroinsular segment.

The two lips of the lateral sulcus correspond
to portions of the cerebral hemisphere that have
developed laterally to the insula [7]. They com-
pletely cover it and assume the role of true oper-
cula. We distinguish two opercula: one is superior
or frontoparietal and the other is inferior or tem-
poral. The lower border of the frontal and parietal
lobes form the superior operculum, while the
inferior operculum is formed entirely by the
superior temporal gyrus (Fig. 2.1a).

From a topographic point of view, the insula is
considered the outer shield of a well-defined cere-
bral central core [5, 8, 9]. Attached to the upper
portion of each half of the midbrain, the central
core corresponds in each hemisphere to the insula,
basal nuclei, thalamus, and internal capsule.
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Fig. 2.1 General anatomy of the human insula. (a) Sulci
and gyri of a left insular lobe; as seen when the superior
and inferior opercula are separated from each other. (b)
Schematic representation showing the main anatomical
features of the insula. Aip Anterior insular point, Als ante-
rior limiting sulcus, ap insular apex, asg accessory short
insular gyrus, fs falciform sulcus, ics insular central sul-
cus, Is inferior limiting sulcus, ips insular precentral sul-
cus, /i limen of the insula, /ig long insular gyrus, msg
middle short gyrus, pip posterior insular point, psg poste-
rior short gyrus, sis short insular sulcus, sls superior limit-
ing sulcus

2.3  Limits

The contour of the insular lobe is delimited by
the circular or peri-insular sulcus, which is
marked, but interrupted by the transverse gyrus
of the insula. Considering the roughly triangular
shape of the insular base, this sulcus is generally
divided into three parts: the anterior, posterior,
and inferior (or posteroinferior) limiting sulci
(Fig. 2.1b).

The deep anterior limiting sulcus separates the
anterior border of the insula from the orbital por-
tion of the inferior frontal gyrus and from the
posterior orbital gyrus. In the form of a true fis-
sure, it is vertically oriented or has a slightly
oblique direction, pointing inferiorly and posteri-
orly. The depth of this sulcus is in relation to the
anterior limb of the internal capsule. The upper
extremity of the anterior limiting sulcus is at the
level of the anterior horn of the lateral ventricle,
where the ventricle surrounds the head of the
caudate nucleus [5].

The superior limiting sulcus is the longest of
the three. It separates the superior surface of the
insula from the superior operculum. It is related
successively from anterior to posterior to the
medial aspect of the triangular portion of the
inferior frontal gyrus, the opercular portion of the
same gyrus, the pre-central gyrus, and the sub-
central gyrus, and a cortical fold that closes infe-
riorly to the central sulcus bridging the pre- and
postcentral gyri.

The inferior limiting sulcus has a strong obliq-
uity, pointing inferiorly and anteriorly. While the
posterior segment of this sulcus separates the
insula from the retroinsular part of the lateral fis-
sure, the anterior segment separates it from the
superior temporal gyrus.

Since the pole of the insula is connected to the
inferior frontal gyrus and the superior temporal
gyrus at the level of the limen insulae, the afore-
mentioned sulci do not surround the insula com-
pletely. This conformation prevents the inferior
limiting sulcus from being continuous with the
anterior limiting sulcus. As a consequence, this
lobe is not a true island, as it remains connected
to superficial gyri of the neighboring lobes; it
may thus be compared to a quasi-island or penin-
sula [10].

2.4  General Form

The insula presents a general form that resembles
that of an oblique pyramid with a triangular base
and a low height. Its base is large and is medially
orientated in continuity with the rest of the cere-
bral hemisphere. One of the vertices of the base is
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directed anteroinferiorly and corresponds to the
insular pole.

The apex, situated posterior and lateral to the
pole, is the lateralmost portion of the insular cor-
tex. It is directed laterally, anteriorly, and inferi-
orly; it therefore has a location eccentric to the
base. It is also directed toward the external open-
ing of the Sylvian fissure, without reaching or
exceeding this aperture. Under surgical condi-
tions, it can be seen or directly accessed through
the so-called anterior Sylvian point, the site of
the lateral sulcus in which the triangular portion
of the inferior frontal gyrus separates from the
superior temporal gyrus widening the sulcus.
From this point, the lateral sulcus sends out its
anterior, ascending, and posterior rami.

Anteriorly and inferiorly to the apex, the limen
insulae connect the frontal, insular, and temporal
lobes. The middle cerebellar artery turns approxi-
mately 90° just anterior or immediately distal to
the limen, as it changes direction to enter the pos-
terior ramus of the lateral fissure [11].

Two aspects of the insula are more clearly dis-
tinct: the anterior and the lateral. The anterior
aspect is smaller in extension. It is covered by the
fronto-orbital portion of the superior operculum,
consisting of the posterior portion of the poste-
rior orbital gyrus and the orbital portion of the
inferior frontal gyrus.

The lateral aspect is rich in insular sulci and
gyri. Thus, it has a more complex shape than the
anterior one. Its upper third is covered by parts of
the frontal-parietal operculum, namely the triangu-
lar and opercular portions of the inferior frontal
gyrus, the subcentral gyrus, and the anterior basal
portion of the supramarginal gyrus. The lower two-
thirds are covered by the superior temporal gyrus.

2.5  Sulci and Gyri

In relation to its internal anatomical organiza-
tion, the insula is formed by a set of gyri that are
arranged centrifugally and extend from the apex
to the base. These gyri have significant individ-
ual variations, so it is not possible to determine a
pattern that corresponds to all cases, only to
most of them.

At its lateral surface, a sulcus that is much lon-
ger than the others leaves the superior limiting
sulcus and describes a strongly oblique trajectory
anteriorly and inferiorly until the limen insulae.
This sulcus, namely, the central sulcus of the
insula, is easily recognizable since no other sul-
cus in the lateral aspect of the insula descends as
inferiorly as it does. Its direction is roughly the
same as that of the central sulcus of the superolat-
eral surface of the cerebral hemisphere. It divides
the insula into two clearly distinct parts: one is
the anterior lobule of the insula, and the other is
the posterior lobule of the insula. In a minority of
cerebral hemispheres, estimated to be less than
10%, the central sulcus of the insula may not
be well defined or may be interrupted by connect-
ing gyri [4].

The anterior lobule of the insula consists of
three short gyri that have a common origin in the
irregularly rounded apex. They are distinguished
according to their position as anterior, middle,
and posterior.

The anterior short gyrus extends along the
anterior limiting sulcus. It is directed obliquely,
superiorly, and anteriorly toward the inferior
frontal gyrus. There may be an anatomical varia-
tion with bifurcation of its upper extremity. The
point at which the anterior border of this gyrus
joins the anterior and superior limiting sulci has
been named the “anterior insular point” [4].

The middle short gyrus is the smallest of the
three. It follows a roughly vertical trajectory,
starting from the apex toward the opercular por-
tion of the inferior frontal gyrus. It is separated
from the anterior insular gyrus by the short insu-
lar sulcus, and from the posterior gyrus by the
precentral sulcus of the insula.

The posterior gyrus also arises from the insu-
lar apex. Its inferior extremity is tip-shaped. It
extends obliquely, superiorly, and posteriorly
along the central sulcus of the insula, forming the
anterior bank of that sulcus and terminating supe-
riorly with a generally bifurcated (or even trifur-
cated) extremity. In a lateral view, this extremity
projects approximately at the level of the subcen-
tral gyrus of the cerebral hemisphere.

Regardless of the three main gyri mentioned
above, one or two accessory gyri are also often
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present. They are variable, short, and deeply situ-
ated anterior to the apex and to the anterior gyrus
of the insula. They connect the anterior lobe of
the insula to the anterior portions of the inferior
frontal gyrus.

At a lower location, crossing the middle cere-
bral artery, a small transverse gyrus connects the
apex area to the orbital region in the inferior
aspect of the frontal lobe. It reaches the postero-
medial lobule of the frontal lobe, which is com-
posed of the posterior portion of the medial
orbital gyrus and the medial portion of the poste-
rior orbital gyrus, extending along and lateral to
the lateral olfactory stria [4, 5]. The transverse
gyrus of the insula may be hypoplastic in up to
14% of cerebral hemispheres [4]. The transverse
and accessory gyri form the insular pole, located
in the inferiormost and anteriormost portion of
this lobe. [4].

The posterior lobule of the insula is smaller
than the anterior one. It is delimited anteriorly by
the central insular sulcus and posteriorly by the
inferior limiting sulcus. It is comprised of two
long, strongly oblique gyri: one is anterior, along
the central sulcus of the insula; and the other is
posterior, adjacent to the inferior limiting sulcus.

These two gyri are sometimes only slightly
separated from each other because of the shallow,
undeveloped character of the postcentral insular
sulcus in approximately one-fourth of cerebral
hemispheres [4]. They originate from an inferior
common tip that is continuous with the superior
temporal gyrus. In their superior portions, they
may bifurcate and thus form two to four secondary
gyri that meet the frontoparietal operculum at the
level of the postcentral gyrus. The term ““posterior
insular point” has been used to describe the poste-
rior-superior limit of the posterior insular lobule,
where the superior and inferior limiting sulci meet.
From this point, the posterior ramus of the lateral
fissure continues as a retroinsular space.

2.6 Deep Relationships

Deep within the insular gyri, the subcortical
white matter of the extreme capsule roughly
accompanies the contours and accidents of the

insular sulci and gyri. In horizontal sections,
small conical extensions of this capsule are seen
in the form of spines that are directed toward the
insular cortex (Fig. 2.3a).

Through it, the insular gyri are indirectly
related to the claustrum, the most superficial
nucleus of that region. The claustrum consists of
a thin sheet of gray matter with a thickness of
1-2 mm, extending along the deep face of the
insula, interposed between the extreme capsule
and the external capsule, a portion of white mat-
ter that covers the lenticular nucleus laterally.

In horizontal and coronal sections, the periph-
ery of the claustrum curves laterally, following
the form of the cerebral cortex that covers the
Sylvian fissure. In its lower portion, it widens
considerably, except for the anteroinferior part in
proximity to the limen of the insula. At this site,
the thickness of the white matter bundles (unci-
nate and inferior fronto-occipital) compete for
space with the gray substance of the claustrum
[12—-14].

The lateral aspect of the lentiform nucleus
corresponds to the lateral aspect of the putamen.
Since it has a surface area that is smaller than that
of the insula itself, and considering the fact that
the internal capsule laterally inclines around this
nucleus, the depths of the anterior, superior, and
inferior limiting sulci get significantly close
to the fibers of the internal capsule [5].

In relation to the other, deeper basal nuclei,
the anterior half of the lateral face of the insula
corresponds internally to the head of the caudate
nucleus. Its posterior half corresponds to the thal-
amus and other portions of the caudate nucleus.
The distance from one of the insular points (ante-
rior or posterior) to the ventricular ependyma is
little more than 1 cm. Beyond the limiting sulci,
the insula is surrounded by the arcuate fasciculus,
which is part of the superior longitudinal fascicu-
lus complex (Figs. 2.2 and 2.3).

The superior limiting sulcus follows the
course of the frontal horn of the lateral ventricle,
as well as the body and part of the atrium. The
inferior limiting sulcus accompanies the tempo-
ral horn and part of the atrium for about 80% of
its length [4]. About 1 cm of the anterior portion
of that sulcus corresponds to the temporal stem.
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Fig.2.3 Deep and superficial anatomical relationships of  and the ventricular system are exposed. (b) Parasagittal
the insula in a T1-weighted magnetic resonance examina-  view. The superficial relationships with the frontoparietal

tion. (a) Axial view. The relationships with basal nuclei  and temporal operculum are shown
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Fig. 2.2 Deep anatomical relationships of the insula. (a)
The arcuate fasciculus surrounds a significant portion of
the circular sulcus of the insula. (b) Extensions of the
extreme capsule white matter reproduce the form of the

Inferior limiting
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insular sulci and gyri. (¢) Deep to the extreme capsule, the
insula maintains an indirect relationships with the claus-

trum, the external capsule, and elements of the lentiform
nucleus
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2.7  Superficial Relationships

As mentioned, the fronto-orbital portion of the
superior operculum covers the anterior aspect of
the insula. Through the lateral fissure, it is in rela-
tion with the posterior portion of the posterior
orbital gyrus, a small portion of the lateral orbital
gyrus, and the orbital portion of the inferior fron-
tal gyrus. In the medial surface of the fronto-
orbital operculum, two small gyri, the (superior
and inferior) suborbital gyri are continuous with
the cortex of the insula in the region of the acces-
sory and short anterior gyri.

Similarly, the medial aspect of the triangular
portion contains the subtriangular gyrus, which is
continuous with the cortex of the anterior short
insular gyrus and covers it laterally. The subor-
bital gyrus covers the anterior short gyrus anteri-
orly and the subopercular gyrus covers it
posteriorly [4].

The subopercular gyrus also covers the
short insular sulcus and part of the middle
short insular gyrus. The subprecentral gyrus
covers the rest of the middle short insular gyrus
and the precentral sulcus of the insula. Since in
most cerebral hemispheres the central sulcus of
the cerebral hemisphere does not reach the lat-
eral fissure, the subcentral gyrus recovers part
of the central sulcus of the insula. As a conse-
quence, the posterior short insular gyrus is
covered anteriorly by the subprecentral gyrus
and posteriorly by the subcentral and subpost-
central gyri.

Also, in the frontoparietal operculum, three
small transverse parietal gyri (anterior, middle,
and posterior) are located on the medial (internal)
opercular surface. The anterior one covers part of
the postcentral insular sulcus and the superior
portion of the two long insular gyri. The anterior
transverse parietal gyrus converges with the ante-
rior transverse temporal gyrus of Heschl close to
the posterior insular point.

In the temporal operculum, the superior tem-
poral gyrus and the lower portion of the supra-
marginal gyrus cover the insula. The polar
planum covers the limen of the insula and its
inferior surface. About two-thirds of the infe-

rior limiting sulcus is adjacent to the polar
planum [4]. The remaining third closely fol-
lows the anterior transverse temporal gyrus of
Heschl.

2.8  Preinsular Area
In the inferior aspect of the brain, when examin-
ing the anterior portion of the lateral fissure, a
pronounced curvature is observed. It is present at
the level of the limen of the insula, where the fis-
sure passes from the inferior aspect of the cere-
bral hemisphere to its lateral face. This curved
portion of the fissure (viz., the falciform sulcus)
anteriorly crosses the limen of the insula (the fal-
ciform fold). Anterior to this, we see the diago-
nal band of Broca and the lateral olfactory stria,
landmarks that limit the anterior perforated
substance.

The trunk of the lateral fissure thus presents as
a preinsular segment (Sylvian vallecula), and its
roof contains the anterior perforated substance.
The trunk of the lateral fissure follows the con-
tours of the posterior border of the lesser wing of
the sphenoid bone.

2.9  Retroinsular Area
We consider this as part of the lateral fissure that
is located posterior to the insula and specifically,
behind the inferior limiting sulcus. It is a deep
depression in which are situated the posterior-
most branches of the middle cerebral artery.
Immediately behind the insula, a pli de pas-
sage is observed, often well developed and of
varying depth, running obliquely from inferior
to superior and from anterior to posterior. It
corresponds to an extension of the transverse
temporal gyrus of Heschl behind the insula
until the anterior transverse parietal gyrus as a
temporoparietal connection. This cortical fold
behaves as a significant anastomosis between
the superior temporal gyrus and the supramar-
ginal gyrus. It is usually unique in its origin, but
it may divide in its trajectory into two (or more)
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secondary gyri that connect themselves with
similar parenchymal extensions from the pari-
etal lobe—the anterior, middle, and posterior
transverse parietal gyri.

Such cortical folds do not belong to the insula
because they are clearly separated from it by the
inferior limiting sulcus. It is interesting to note
that the entire lenticular nucleus is also located
anterior to that sulcus, which makes it an impor-
tant landmark. As a consequence, this nucleus
maintains an anatomical relationship with the
insula, but not with the retroinsular area.

Conclusion

The study of the descriptive and topographic
anatomy of the insula, its internal organiza-
tion, and its anatomical relationships allows
an overview of concepts that are important in
a number of fields, such as neuroimaging and
neurosurgery. An adequate nomenclature is
important for better communication, while a
good understanding of its morphology is one
of the bases for development of precise radio-
logical interpretations and operative tech-
niques. These concepts must be accompanied
by the study of the functional aspects of the
insular lobe.
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