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Abstract 

Introduction: The Reil insula, located deep in the Sylvian fissure, has important relationships. It is proposed to perform 

an anatomical-imaging correlation of the morphological and topographic anatomy of the insula. 

Material and Method: 16 cerebral hemispheres were dissected from formed adult cadavers, and coronal, horizontal and 

sagittal cuts were made. The white matter was dissected into 4 pieces using the Klingler method. Correlation was then 

performed with 20 nuclear magnetic resonance images and 2 tractography images. 

Results: The insular grooves measured on average: SIS: 53mm; IBS: 47mm; SIA 24mm. SIC: 38mm. The most posterior 

sector of the SIC is topography at the height of the Rolandic sulcus. 

Conclusions: Correct knowledge of the morphological and topographic anatomy of the insula is essential for the correct 

interpretation of imaging studies and the basis for surgical approaches to this region. 
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Introduction 

Reil's insula was described for the first time by Johann Christian Reil in 

1809. It is a cortical region that derives from the mesocortex, being a 

transition between the neocortex and allocortex, which has important 

functional implications since it is a center of connection between the 

limbic system and the neocortex, participating in various functions such 

as: perception of taste and smell, visceral control and somatoperception, 

integration between emotional-perceptual information and empathy, 

among others [1,2]. 

The insula is topography at the bottom of the sylvian fissure, being framed 

in the depth of the frontal, parietal, and temporal lobes, acquiring 

transcendent relationships at that level [3]. 

It is important to know in detail the microsurgical anatomy and its 

imaging correlation, given the anatomical variants, since the insula can 

have between 4 and 7 turns, and depending on this variation the anatomy 

can change, which has implications for the surgical approach to this 

region. where innumerable pathologies settle [4]. We know that to 

approach the insula, a wide opening of the Sylvian fissure is required, 

which is more accessible in the anterior sector at the level of the pars 

triangularis, due to the anatomical arrangement of the insula [5] 

Materials and methods 

This is a descriptive study that included16 cerebral hemispheres, 9 right 

and 7 left, from formed adult cadavers, without previous intracerebral 

pathology. The frontoparietal and temporal opercula were resected, 

exposing the insula. The length of the insular sulci was recorded: anterior 

(SIA), superior (SIS), inferior (SII) and central (SIC). The topography of 

the limen insulae, the apex of the insula, and the number of turns of the 

anterior and posterior lobes were then recorded. Subsequently, coronal, 

horizontal and sagittal cuts were made to correlate with the imaging. In 4 

pieces of those previously included, the white matter was dissected using 

the Klingler method. The use of cadaveric material was carried out after 

donation, through written and signed informed consent. intrinsic 

condition for its use for academic purposes in the Department of 

Anatomy. The procedures carried out were in accordance with the tenets 

of the 1975 Helsinki Declaration and its subsequent amendments. 

Then, 20 magnetic resonance images and 2 tractography images obtained 

from the Clinical Radiology Department of the Hospital de Clínicas were 

analyzed. 

Subsequently, an extensive bibliographic review on insula was carried out 

in Pubmed as well as in high-impact neurosurgical and anatomical 

journals with the following keywords (lobe of the insula, sylvian fissure, 

trans-sylvian approach, temporal peduncle). Works published until 2020 

that were written in both English and Spanish were selected. 
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Results 

The insula is located deep to the frontoparietal and temporal opercula. If 

the lateral face of the hemisphere is observed, said cortical region is not 

visible on its surface, but at the moment in which the opening of the 

sylvian fissure occurs, the lobe of the insula begins to be observed, called 

the apex of the insula, when most superficial sector of this lobe (figure 

1)3. 

 

Figure 1: inferior view of the lateral aspect of the hemisphere, apex of the insula. 

Usually the insula is triangular in shape with an anterior base. It is limited 

by three sulcus: the anterior insular sulcus (AIS), the superior insular 

sulcus (SIS), and the inferior insular sulcus (SII)1. 

The SIA measured an average of 24mm, the SIS had an average of 52mm, 

and the SII measured an average of 47mm (Figure 2 and 3). 

 

Figure 2 and 3: vision in anatomical preparation and in MRI of the insula, with its SIA, SIS, and SII. 

The insula contains a central insular sulcus (CIS), which divides it into 

two lobes: an anterior lobe (LAI), and a posterior lobe (LPI)1. 

The SIC presented an average of 38mm in length, and its posterior sector 

was superficially topography at the level of the central or Rolandic sulcus. 

The number of island gyres is variable, with a total of between 4 and 7 

gyres. In our pieces we found: between 3 and 5 turns in the LAI (3-turn 

mode, in 12 cases); and between 1 and 3 turns in LPI (2-turn mode, in 12 

cases) (figures 4 and 5). 

Apex 
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Figure 4 and 5: anatomical preparation and MRI showing the SIC and insular gyri. 

Discussion 

The deep topography of the insula, surrounded and hidden by the 

frontoparietal and temporal opercula, makes its approach complex, being 

the seat of multiple vascular and tumor pathologies3. In turn, the sylvian 

fissure is a widely used neurosurgical corridor. For all this, we believe 

that it is essential to have a solid knowledge of the surgical and imaging 

anatomy of the insula for neurosurgeons, neurologists, neuroimaging 

scientists and doctors in general. 

To organize the discussion we will follow the following order: 1) limit of 

the insula and its limiting sulci; and, 2) intrinsic structures of the insula:  

 

central sulcus, and insular gyri, highlighting that all measurements and 

results obtained in the present work were comparable with the published 

international literature. 

Limits of the Island 

1) Anterior insular sulcus: limits the insular cortex of the orbitofrontal 

cortex. At this level, two main points are topography: the anterior-

superior insular point (PIAS), and the anterior-inferior insular point 

(PIAI) (figures 6 and 7). 

 

 

Figure 6and 7: anatomical preparation, axial section and its imaging correlation. 

The PIAS corresponds to the union of the SIA with the SIS. At this level 

the frontal horn of the lateral ventricle projects in depth6. The ventricular 

system is not usually addressed at this point, however it must be taken 

into account and known. In some surgical procedures, such as functional 

hemispherotomies, it is used to perform hemispheric deafferentation, 

severing the connecting fibers of the basal ganglia7. 

The PIAI is the union of the SIA with the SII, and at this level the limen 

insulae is topography. The limen insulae is a sector of cortex that 

separates the insula from the anterior perforated space, or vallecula 

sylviana. In turn, it corresponds to the limit between the sphenoidal sector 

and the operculo-insular sector of the sylvian fissure. Here we must 

highlight two important relationships: the uncinate fasciculus, and the 

middle cerebral artery (MCA)8,9. 

The uncinate fasciculus joins the orbitofrontal cortex with the temporal 

uncus, mainly with the amygdala, forming part of the limbic system 

(figure 8). 
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Figure 8: anatomical preparation of the uncinate fasciculus. 

The MCA at this level presents its first genu or knee that marks the limit between M1 (sphenoidal sector) and M2 (opercular sector) (figures 9 and 10). 

The AIS has as its main relationships: the orbito-frontal cortex, the ventricular system, the basal ganglia, and the uncinate fasciculus. 

 

Figure 9 and 10: anatomical preparation and arteriography frontal projection pointing with an arrow to the limen insulae, and its correlation with the 4 

segments of the MCA. 

2) Superior insular sulcus: separates the insula from the fronto-

parietal cortex, and its main relationships are: the ventricular 

system, the basal ganglia and the corona radiata with its 

projection fibers10. As mentioned previously, this sulcus is used 

as a reference to perform hemispheric deafferentation in 

hemispherotomies for the treatment of epilepsy. In these 

procedures, the surgeon moves towards the ventricular system 

following the superior sulcus, thereby severing the fibers of the 

corona radiata11. Thus, the relationship of this sulcus can be 

seen with conventional MRI images1 and with tractography11 

(Figure 11 and 12). 

 
Figure 11: anatomical preparation, sagittal section. 
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Figure 12: MRI tractography, descending fibers. 

 

3) Inferior Insular Sulcus: It is the boundary between the insula and the 

temporal lobe. The relationship of the insula is mainly with the 

superior aspect of the temporal lobe, which consists of three sectors: 

the polar planum (PP), Heschl's gyrus (HG), and the temporal 

planum (PT). At the same time, we must highlight the relationship 

that this inferior insular sulcus has with the temporal peduncle 

(PedT). The temporal peduncle is a set of white matter fibers that 

communicate with the temporal lobe and include temporo-pontine 

and temporo-thalamic fibers, as well as auditory fibers, optic 

radiation, uncinate fasciculus, and anterior white commissure6, 7 

(Figure 13 and 14). 

 
Figure 13 and 14: anatomical preparation, axial and coronal section. 

At the level of the SII, two important points are also topography: the 

postero-superior insular point (PIPS), and the postero-inferior insular 

point (PIPI)1. 

The PIPS is the union of the SIS and the SII, and this level corresponds to 

the ventricular atrium. Several authors have pointed out this point as an  

area of approach to the ventricular atrium, putting it as an alternative to 

parietal approaches. Given the relationships of this sector, the potential 

sequelae of the approach through this point is injury from optic radiation. 

The PIPI is located at the intersection of the SII and the HG, and at this 

level the optical radiation is topographic4 (Figure 15). 
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                                           Figure 15: Tractography, sagittal section of optical radiation. 

Content of the Island 

1) Anterior lobe of the Insula: is located in front of the SIC. It can 

vary in form from 3 to 5 gyres, which due to their arrangement 

are called short insular gyres3. In 75% of our cases, 3 gyri were 

observed: anterior short insular gyrus, middle short insular 

gyrus, and posterior short insular gyrus. These gyri are 

separated by two sulci: a) the short insular sulcus, which 

separates the anterior from the middle gyrus; and b) the 

precentral insular sulcus, which separates the middle from the 

posterior gyrus. 

In the remaining 25%, 2 inconstant gyres were found, called 

accessory insular gyrus; and transverse insular gyrus. Both are 

located near the limen insulae. 

2) Posterior lobe of the Insula: is located behind the SIC. It can 

present from 1 to 3 gyres, which due to their arrangement are 

called long insular gyres13. In 75% of the cases, two gyri were 

found: anterior long insular gyrus and posterior long insular 

gyrus; both separated by the post-central insular sulcus. 

From a functional point of view, the insula is part of the limbic system 

and has been associated with multiple functions such as: gustatory 

sensations, pleasurable sensations when faced with visual and gustatory 

stimuli, and cardiovascular reflexes. Usually a function related to motor 

modalities is assigned to the anterior lobe of the insula, and to the 

posterior lobe with sensory modalities. 

Conclusion 

Based on everything analyzed, we can conclude that the insula is a 

complex lobe, whose topographic and functional importance makes it 

necessary to delve into its correct anatomy and imaging correlation, to 

achieve good management of the pathologies that occur in said region. 
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