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A B S T R A C T

Objective: The purpose of this study was to clarify the morphology of the insular cortex focusing not only on the
shape of the insula, but also on sulcal and gyral organization.
Patients and methods: Sixty formalin-fixed adult brain hemispheres had their insula exposed and photographed.
The dimensions of each gyrus and sulcus were measured using an image analysis software. The morphometric
data obtained was statistically analysed.
Results: The insular cortex shape alternates between triangular and trapezoid, being the triangular shape the
most common (75%). The angle between the posterior and inferior peri-insular sulcus in the trapezoid insulae
had a mean range of 131.17° (SD=12.277). A minimum of 3 and a maximum of 6 insular gyri were observed,
being 5 the most common total number of gyri observed. The accessory gyrus was present in 66% of the insulae
and well-developed in 38% of the cases. A statistical association between the number of gyri in the posterior lobe
and the presence of a novel gyrus or a more developed accessory gyrus in the anterior lobe was found (P =
0.006). The posterior short gyrus was the longest of the short gyri (P < 0.001), followed by the anterior short
gyrus (P< 0.001). The anterior long gyrus was the largest of the long gyri (P = 0.003). The contribution of each
of the short gyri to the formation of the insular apex was inconstant. The most common observed apex ar-
rangement was the combination of the anterior and of the middle short gyri.
Conclusions: This study makes a strong contribution to the understanding of the insular cortex anatomy, al-
lowing neurosurgeons to be more capable to decide the best approach to this cortical area.

1. Introduction

The insula has been the focus of neuroanatomist´s attention for a
long time. The first signs of the awareness of the presence of this
structure dates from the 16th century as seen in Andreas Vesalius
drawings [1]. However, it was only in 1809 that the name insula was
attributed by Johann Christian Reil who first described its morphology
(Reil, 1809; cited in Mavridis et al., 2011) [2]. Since then, a large
amount of studies have been published regarding its embryology,
morphology, connections and functions [3,4].

Due to the close association with the limbic system, the insula is
classified as a paralimbic structure [5,6]. It is the first cortical area to
develop and, during early fetal development it is localized in the su-
perolateral region of the telencephalic vesicle [5,7–10]. In the next
stage of development, the insular cortex is completely enclosed by
surrounding cerebral gyri due to their rapid growth [2,5,11].

Afterwards, insular sulcal and gyral development begins at 17 gesta-
tional weeks and is completed at 28 gestational weeks [7].

Traditionally, the insular cortex has been described as a triangular
structure defined by three peri-insular sulci and a central insular sulcus
that divides the insula into an anterior lobe and a posterior lobe
[11–15]. Recently, some authors suggested that the insula has a tra-
pezoid shape that is delimited by four peri-insular sulci [16,17]. Despite
the variation in the number of gyri in each lobe, the anterior lobe is
usually composed by three gyri (anterior, middle and posterior short
insular gyri) separated by the short insular sulcus and the pre-central
insular sulcus, and a variable accessory gyrus. The posterior lobe nor-
mally only has two gyri (anterior and posterior long insular gyri) se-
parated from each other by the post-central insular sulcus
[14,15,18–20]. Functionally, the insular cortex plays an important role
in cognitive processes [21] like pain processing [22–24], language and
speech production [8,26,27], and processing of auditory stimuli [6]. It
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is also involved in the regulation of autonomic responses like the car-
diovascular function [25,26] and gustatory stimuli [27–29], and other
visceromotor and viscerosensitive responses [5,28,30].

The descriptive anatomy of the insula is important in several med-
ical fields, namely neurosurgery and neuroimaging. The use of correct
and adequate terminology, a good understanding of the insular mor-
phology and, more important, of the possible anatomical variations, is
the base for accurate interpretation of images and for the precise de-
velopment of surgical techniques [31]. In fact, not only the insula is the
target of procedures addressing insular epilepsy or insular gliomas, but
it is also seen as an important neurosurgical route to access certain
brain areas, due to its strategic position in the deepness of the sylvian
fissure [32–36]. Given the importance of this brain structure and the
increasing need for minimally invasive neurosurgical approaches that
spare important functional areas, we aimed to describe the morphology
of the insular cortex using morphometric methodologies in 60 formalin-
fixed human hemispheres.

2. Material and methods

2.1. Brain collection

The study was approved by the Ethical Committee of the Centro
Hospitalar Universitário São João/Faculty of Medicine of the University
of Porto (nº 111/19). The body donations to the Unit of Anatomy of the
Biomedicine Department of the Faculty of Medicine of the University of
Porto were in accordance to the Portuguese Act 274/99. A 10% for-
malin solution was injected into the bodies through the femoral artery
and after the fixation, the brains were removed from each cadaver as
previously described in detail [37,38].

2.2. Photographic records

The morphology of the insular cortex was evaluated in 60 adult
brain hemispheres. Each of the available hemispheres had its insular
cortex exposed either by retracting or completely removing the oper-
cular portions of the frontal, parietal and temporal lobes (Fig. 1B and 3
B). After accessing the insulae, it was photographed together with a
metric scale ruler. For every insulae the images were obtained in a
perpendicular plane to the area of interest.

2.3. Gyri and sulci anatomical classification and measurements

Based on the nomenclature used by Türe et al. [14] and Naidich
et al. [15] and according to Hans et al. [20] the characterization of the
photographed insular cortex was made. The shape of the insular cortex
was described. Some insulae presented a trapezoid shape instead of the
traditionally described triangular one. In these trapezoid insulae, the
angle formed by the inferior and posterior peri-insular sulci, named
posterior-inferior angle by Afif & Mertens [39] was measured (Fig. 1C).
The total number of gyri and the number of gyri in each insula were
also registered.

The classification of the gyri upper extremity morphology was based
on the criteria proposed by Wysiadecki et al. [19]. Therefore, each
gyrus was classified as bifid, branched or novel when the sulcus that
split its top extended up to 30%, between 30 and 50% or more than
50% down the gyrus length, respectively (Figs. 1 and 3). For descriptive
purposes, we considered both the bifid and the branched gyrus together
as split gyrus.

To evaluate the presence of the accessory gyrus a similar principle
was applied. Any gyrus that originated from the anterior aspect of the
anterior short gyrus lower than one-third of its length was considered to
be the accessory gyrus (Fig. 1C). The development of the accessory
gyrus was also assessed. However, given the fact that 10 of the insulae
had their accessory gyrus damaged, we decided to exclude those from
our statistical analysis as their development could not be properly

evaluated.
All the gyri had their length and width measured from the obtained

pictures using the ImageJ software (Fiji 1.46, National Institutes of
Health, Bethesda, Maryland) [40]. The length of the gyri was measured
from its upper limit to its base. To avoid falsely increased width mea-
surements because of the gyri bifurcation, they were taken in the
middle of each gyrus. The length of the sulci separating the adjacent
gyrus was measured from the top of the main gyrus to the end-point of
the sulcus (Figs. 1C and 3 C). All the present gyri had their degree of
development visually evaluated as well-developed (reaching the convex
surface of the insula), underdeveloped (not reaching the convex surface
of the insula) or as hypoplastic (at the level of the adjacent gyrus bases)
[19].

Besides the sulci length, we also determined their development
based on their deepness and assessed whether they had their path in-
terrupted by any stalk from the adjacent gyri or not. The contribution of
the different gyri to the formation of the apex and the pole of the
posterior lobule was also observed and registered.

2.4. Statistical analysis

For descriptive purposes we used counts and proportions for cate-
gorical variables and means and standard deviations for continuous
variables. We compared the length and width of the several insular gyri
and sulci; as these anatomical structures belonged to the same cerebral
hemisphere, they could not be considered as independent samples, and
so paired samples t tests were used to assess those measurements. A
one-sample t test was performed to compare the mean range of the
posterior-inferior angle in our study with the value previously reported
by Afif & Mertens. Finally, chi-square tests were used to compare the
degree of development of the insular gyri and sulci, and to assess the
association between the number of posterior lobe gyri and the presence
of a novel gyrus or a more developed accessory gyrus. The significance
level was set at α=0.05. Statistical analysis was conducted using SPSS
statistical software package version 22 (SPSS inc., Chicago IL., USA).

3. Results

3.1. Insular cortex shape

Regarding the insular cortex shape, the insulae were classified as
triangular in 75% (45/60) and trapezoid in 25% (25/60) of the cases
(Figs. 1 and 2). In the latter cases, the mean range of the posterior-
inferior angle was 131.17° (SD=12.277). There was not a significant
difference between our results (126°, SD=2) (P=0.139) and the ones
obtained by Afif & Mertens [39].

3.2. Insular sulci anatomy and measurements

In all the observed insulae (60/60) the anterior and posterior lobes
were separated by the central sulcus which had its course interrupted in
18.3% of the cases (11/60). This important landmark was shown to be
well-developed in 86.7% (52/60) of the analysed insulae, starting in the
superior peri-insular sulcus in almost every hemisphere studied (98.3%;
59/60). In only one of the hemispheres analysed the central sulcus
exhibited a different origin (1/60), starting from the posterior peri-in-
sular sulcus. The mean length of the central sulcus was 2.81 cm
(SD=0.562). The remaining insular sulci showed a more variable
presence. The short insular sulcus and the pre-central sulcus were
present in almost every insula (96.7% and 98.3%, respectively) and the
post-central sulcus was only observed in 76.7% of them. When com-
pared, the post-central sulcus was significantly longer than the short
insular sulcus and the pre-central sulcus (P<0.001), whereas there
were no differences between the mean length of the short insular sulcus
and the pre-central sulcus (P=0.056) (Table 1). There were no statis-
tically significant differences in the degree of development of these
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sulcus (P= 0.929).

3.3. Insular gyri anatomy and measurements

The total number of the insular gyri varied between 3 and 6, with 5
gyri being the most common pattern (61.7%). In the anterior lobe the
minimum and the maximum number of gyri observed were 2 and 5,
respectively. However, the most prevalent number of short gyri were 3
(45%) and 4 (48.3%). The pattern that was more often verified in the
posterior lobe was the presence of 2 long gyri (76.7%) (Table 2).

In the anterior lobe, the anterior short gyrus and the posterior short
gyrus were always present (60/60). On the other hand, the middle short
gyrus was observed in 93.3% of the cases (56/60). The anterior short
gyrus and the posterior short gyrus appeared to be well-developed in
almost all the observed insulae (93.3% and 98.3%, respectively),
whereas the middle short gyrus was considered well-developed in only
41.7% (25/60) of the cases. In 18.3% (11/60) of the insulae this gyrus
was hypoplastic. These differences in the degree of development of the
anterior lobe gyri were statistically significant (P <0.001). The middle
short gyrus originated from the posterior short gyrus in 40% (24/60) of

Fig. 1. Trapezoid insular cortex after the
complete removal of the opercula. A: Example
of a trapezoid insula delimited posteriorly by
the posterior peri-insular sulcus (PeriIPS) and
the inferior peri-insular sulcus (PeriIIS). The
accessory gyrus (AG) is visualized on the
anterior aspect of the anterior short gyrus
(ASG). The anterior long gyrus (ALG) is bifid
given its upper edge morphology. The apex of
this specimen is formed by the ASG and the
posterior short gyrus (PSG). The posterior lobe
pole (PP) was formed by both the ALG and the
posterior long gyrus (PLG). B: Lateral view of
the right hemisphere with the opercula re-
moved. C: Schematic representation of the in-
sular cortex presented in A. The range of the
posterior-inferior angle (PIA) between the
PeriIPS and the PeriIIS was registered. The
gyrus on the anterior aspect of the ASG was
considered as the AG because it originated
more than 30% down the ASG length. Every
sulcus had its length measured from the top of
the main gyrus to the end-point of the sulcus.
The length of every gyri was measured from its
upper limit to its base, whereas the width was
measured at middle height of the gyrus.
The ALG is classified as bifid because its upper
extremity is split by a sulcus that extends up to
30% down its length. CS – central sulcus; MSG
– middle short gyrus; P – pole of the insula;
PostCS – postcentral sulcus; PreCS – precentral
sulcus; SIS – short insular sulcus.

Fig. 2. Triangular insular cortex. Left: Triangular insular specimen delimited posteriorly by the posterior peri-insular sulcus (PeriIPS) alone. This insular cortex has a
single posterior lobe gyrus which shows a bifid morphology. Right: Schematic representation of the example presented in the picture on the left. ALG – anterior long
gyrus; ASG – anterior short gyrus; CS – central sulcus; MSG – middle short gyrus; PSG – posterior short gyrus; SIS – short insular sulcus; P – pole of the insula; PP –
pole of the posterior lobe; PreCS – precentral sulcus.
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the cases and from the anterior short gyrus in a smaller percentage of
insulae (16.7%, 10/60). In the remaining cases, it was isolated (31.7%),
or it was impossible to determine its origin (3.3%). The results of the
short gyri measurements are presented in Table 3. Statistically, the
posterior short gyrus was the longest gyrus (P < 0.001) and the
anterior short gyrus was longer than the middle short gyrus
(P < 0.001). In opposition, none of the gyrus demonstrated to be
larger than the other (Table 1).

The accessory gyrus was present in 66% (33/50) of the cases
(Figs. 1A and 3 C). When present, it appeared to be well-developed in

19 of the 50 (38%) insulae that were available for this analysis with a
mean length and width of 1.15 cm (SD=0.399) and 0.49 cm
(SD=0.197), respectively. In our sample, the transverse gyrus also
demonstrated a variable presence being identifiable in 63.3% of the
cases (38/60). In those cases where the anterior lobe had a novel gyrus
(10%), it had a mean length of 1.29 cm (SD=0.462) and a mean width

Fig. 3. Insular cortex displaying six gyri. A:
Example of an insular cortex with only one
long gyrus and five short gyri. The accessory
gyrus (AG) is the first of the short gyri. A novel
gyrus (NG) is also observed in the anterior
lobe. B: Lateral view of the right hemisphere
having the insula exposed. C: Schematic re-
presentation of the insular cortex showed in A.
The gyrus adjacent to the posterior short gyrus
(PSG) is classified as being a NG because it
originates more than 50% down the length of
the PSG. ALG – anterior long gyrus; ASG -
anterior short gyrus; CS – central sulcus; MSG -
middle short gyrus; P – pole of the insula; PP –
pole of the posterior lobe; PreCS – precentral
sulcus; SIS – short insular sulcus.

Table 1
Paired t-test results on the short gyri length and width comparison and length of
sulci.

Mean difference (95% CI) p value

post-CS vs SIS 0.899 (0.634; 1.164) < 0.001
post-CS vs pre-CS 0.817 (0.564; 1.071) < 0.001
pre-Cs vs SIS 0.116 (0.564; 1.071) 0.056
ASG vs MSG
Length 0.377 (0.237; 0.517) < 0.001
Width −0.792 (-0.90; 0.167) 0.077

PSG vs MSG
Length 0.684 (0.544; 0.824) < 0.001
Width −0.059 (-0.127; 0.008) 0.084

PSG vs ASG
Length 0.317 (0.180; 0.454) < 0.001
Width 0.007 (-0.060; 0.073) 0.843

ASG – Anterior short gyrus; MSG – middle short gyrus; post-CS – post-central
insular sulcus; pre-CS – pre-central insular sulcus; PSG – posterior short gyrus;
SIS – short insular sulcus.

Table 2
Total number of gyri in the insulae and in each of its lobes.

Insula total gyri Anterior lobe gyri Posterior lobe gyri

Mean (SD) 5.20 (0.632) 3.47 (0.623) 1.77 (0.427)
Minimum 3 2 1
Maximum 6 5 2
Frequencies 3 - 1.7% (1/60) 2 - 3.0% (3/60) 1 - 23.3% (14/60)

4 - 6.7% (4/60) 3 - 45% (27/60) 2 - 76.7% (46/60)
5 - 61.7% (37/60) 4 - 48.3% (29/60)
6 - 30% (18/60) 5 - 1.7% (1/60)

Table 3
Gyri measurement results.

Mean length (SD) Mean width (SD)

ASG 1.99 (0.474) 0.76 (0.208)
MSG 1.61 (0.407) 0.83 (0.255)
PSG 2.31 (0.386) 0.77 (0.170)
ALG 3.04 (0.549) 0.66 (0.158)
PLG 3.11 (0.771) 0.57 (0.167)

ALG – anterior long gyrus; ASG – Anterior short gyrus; MSG – middle short
gyrus; PLG – posterior long gyrus; PSG – posterior short gyrus.
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of 0.58 cm (SD=0.078), beginning mainly in the posterior short gyrus
(6.7%). An association between the number of the posterior lobe gyri
and the presence of a novel gyrus or a more developed accessory gyrus
was described. In fact, in 78.6% of the cases that the posterior lobe
presented only one long gyrus, there was a novel gyrus in the anterior
lobe or the accessory gyrus was well-developed (Fig. 3A and C), com-
pared to 35.1% where were identified two long gyri (P=0.006).

The posterior lobe was always composed by the anterior long gyrus
(60/60). However, the posterior long gyrus only contributed to the
formation of the posterior lobe in 73.3% (44/60) of the cases and in 5%
(3/60) it originated from the anterior long gyrus. The results related to
the long gyri measurements are presented in Table 3. There were no
significant differences between the length of both gyri (P=0.239),
though the width of the anterior long gyrus was significantly superior
(P=0.033). The posterior long gyrus had also a more inconsistent
development, being well-developed in 86.4% of the cases compared to
the 100% of the anterior long gyrus (P=0.005).

In Table 4, the results from the observation of the insular gyri upper
extremity morphology were presented. The splitting of the upper ex-
tremity of the gyrus was more often observed in the anterior short
gyrus, posterior short gyrus and anterior long gyrus when compared to
the anterior short gyrus and posterior long gyrus (P < 0.011).

The gyri that more often contributed to the insular apex formation
were the anterior short gyrus and middle short gyrus together (28.3%)
(Fig. 3A). While the combination of the anterior short gyrus followed by
the posterior short gyrus (26.7%) (Fig. 1A) was also observed. There
were likewise other patterns of combinations that equally contributed
to the insular apex formation, namely the middle short gyrus+ pos-
terior short gyrus (20%), the anterior short gyrus alone (13.3%), the
middle short gyrus alone (10%) and finally the posterior short gyrus
alone (1.7%).

We identified that the posterior lobe pole was formed by both
anterior long gyrus and posterior long gyrus (Fig. 1A) in 45% of the
insulae (27/60) and by the anterior long gyrus or the posterior long
gyrus alone in 36.7% (22/60) and 18.3% (11/60), respectively.

4. Discussion

The present work is based on the observation of a total of 60 insulae.
To our knowledge, this study takes part in a group of morphometric
studies with the largest number of insulae analysed. Although a lim-
itation of the present study is the absence of data regarding age, sex and
detailed medical history of the body donors, the precise morphometric
quantification and statistical analysis of the insular anatomy and the
characterization of its shape were greatly achieved by studying this
large sample.

The traditional concept of a triangular insular shape was contra-
dicted for the first time by Afif & Mertens [39]. Unlike many authors
that had previously described the insula as triangular and delineated by
three peri-insular sulci [2,11–14,41], Afif & Mertens [39] described the
shape as being trapezoid in 100% of the insulae studied, naming the
angle formed by the inferior and posterior peri-insular sulci as the
posterior-inferior angle [16,39]. Nevertheless, our results demonstrate
that the insula can either be triangular or trapezoid, being the trian-
gular shape the most prevalent pattern (75% vs 25%). In those hemi-
spheres in which the insula was trapezoid, the mean range of the pos-
terior-inferior angle was 131.17° which was not significantly different
from the value obtained by Afif & Mertens [39].

Taking into consideration the number of gyri, our results are
somewhat consistent with the previous studies on this issue. The
minimum total number of gyri that we observed was of 3 in one isolated
case (1.7%). Preceding reports [2,11,12,15,19] described a minimum of
4 insular gyri while others [16,39] reported a minimum of 5 insular
gyri. The maximum total number of gyri we described were 6, which
was in accordance with most of the studies [15,16,19,39]. The utmost
common total number of gyri identified was 5, a finding that is unan-
imously supported by the literature [2,12,14–16,19,39]. The minimum
number of short gyri (2) is similar to those found by other researchers
[2,11,12,15,19]. On the other hand, the maximum number of short gyri
present in our sample was 5 (1/60), a result only obtained by Varnavas
& Grand [12]. Our findings concerning the number of long gyri are also
consistent with previous reports [2,11–13,15,19]. The discrete dis-
crepancies on the number of gyri may be related to the criteria used for
the classification of the accessory gyrus. In our study, we adopted the
criteria proposed by Wysiadecki et al. [19] according to which a gyrus
is defined as accessory gyrus if it originates from the anterior surface of
the anterior short gyrus more than 30% down its length. If this condi-
tion was present, then the accessory gyrus was the first short gyrus of
the anterior lobe. Our results corroborate those obtained by Wysiadecki
et al. [19] (Table 5) demonstrating that the suggested classification
criteria are simultaneously simple to applicate and adequate for de-
scriptive purposes.

Amongst the short gyri, the middle short gyrus was the one that had
a more variable degree of development as previously described
[12,14,15,19]. Our results support this finding for the first time using a
quantitative methodology. Similarly, in the posterior lobe, the posterior
long gyrus showed a more inconsistent presence and development
[11–13,19]. The present data shows a statistically significant lesser
development of the posterior long gyrus when compared to the anterior
long gyrus. The dimensions of each gyrus also deserved our attention.
Our findings indicate that the posterior short gyrus is the longest of the
short gyri, followed by the anterior short gyrus. Unlike Tanriover et al.

Table 4
Morphology of the upper extremity of the insular gyri.

ASG MSG PSG ALG PLG

Isolated 76.7% (46/60) 90.7% (49/54) 70% (42/60) 65% (39/60) 90.7% (39/43)
Split gyrus (Bifid+Ramified) 23.3% (14/60) 9.3% (5/54) 30% (18/60) 35% (21/60) 9.3% (4/43)

ALG - anterior long gyrus; ASG - Anterior short gyrus; MSG - middle short gyrus; PLG - posterior long gyrus; PSG - posterior short gyrus.

Table 5
Comparison of the results on the accessory gyrus (AG) presence and development with and without the criteria defined by Wysiadecki et al. 44.

AG absent AG underdeveloped AG well developed

With Classification Criteria Our Results 50 hemispheres 34% (17/50) 28% (14/50) 38% (19/50)
Wysiadecki et al. 44 50 hemispheres 30% (15/50) 36% (18/50) 34% (17/50)

Without Classification Criteria Ribas et al. 33 16 hemispheres 50% (8/16) Present in 50% of the hemispheres (8/16)
Naidich et al. 25 16 hemispheres 0% (0/16) 62.5% (10/16) 31.25% (5/16)
Türe et al. 40 50 hemispheres 18% (9/50) 34% (17/50) 48% (24/50)
Tanriover et al. 38 43 hemispheres 40% (17/43) Present in 60% of the hemispheres (26/43)
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[13] that described the anterior short gyrus as being the largest of the
anterior lobe gyri, we did not find any significant difference in the
width of these gyri. A different result was obtained related to the width
of the long gyri, as the anterior long gyrus demonstrated to be sig-
nificantly larger than the posterior long gyrus, a feature previously
described by Tanriover et al. [13].

The apex of the insula is defined as the most convex point of the
insular cortex. This morphological feature is considered an important
neurosurgical landmark. However, the high variability of gyri that
contribute to its formation [11,15,19] makes it a poorly reliable land-
mark [11]. Our results strongly reinforce the idea that both, the ante-
rior short gyrus and middle short gyrus, together often contribute to the
insular apex formation in combination with other gyri.

Our study describes for the first time a significant association be-
tween the number of the posterior lobe gyri and the presence of a novel
gyrus in the anterior lobe or a more developed accessory gyrus. In the
insulae were a single long gyrus was described, a novel gyrus or a more
developed accessory gyrus was more frequently identified. This in-
formation may point to an influence of the anterior lobe gyri in the
development of the long gyri as a more developed anterior lobe could
physically restrain the presence of a second gyrus in the posterior lobe.
Data from embryological studies support this hypothesis by describing
an earlier development of the short gyri when compared to the long gyri
(22 gestational weeks vs 24 gestational weeks) [7]. Furthermore, we
are in the opinion that the described pattern may strongly contribute in
predicting the morphology of the posterior lobe of the insula.

The complex anatomy of insular cortex and its proximity to such
important cortical areas like language, primary auditory and primary
motor and sensory areas of the face, represent some of the determining
reasons why the insula surgery is considered a major challenge for
neurosurgeons [4,42]. The insular epilepsy surgery and the surgical
resection of insular gliomas are good examples of how difficult proce-
dures involving this cortical area, require careful preoperative planning
and adequate intraoperative mapping and monitoring [43]. In fact,
according to Mavridis et al. [2] when planning a surgery involving the
insula, each patient anatomy should be determined in detail with a pre-
operative MRI. In their opinion, an increased gyri pattern (6 or 7)
precludes a transylvian approach due to the greater volume and com-
plex insular anatomy. In these cases, the transopercular approach was
advisable [2]. On the other hand, if a decreased gyri pattern (3 and 4)
was present which was related to a smaller insular volume and a sim-
pler anatomy, a transylvian approach was preferable [2]. Indeed, the
resection of insular gliomas represents a very demanding surgery, as
these tumours often extend beyond the insula into nearby structures as
white matter tracts. The insula is surrounded not only by association
tracts such as the uncinate fascicle, the arcuate fascicle and the inferior
fronto-occipital fascicle, but also by commissural and projection tracts
like the anterior commissure and the internal capsule [43,44]. Ac-
cording to Duffau [44], the surgery of insular gliomas located in the
posterior-superior quadrant of the insula (corresponding to Sanai Zone
II) [45] should be considered troublesome due to its deeper placement
in the Sylvian fissure and to its close relation with the posterior limb of
the internal capsule, leading to lower resection rates [45]. Despite the
major importance of functional imaging modalities and of in-
traoperative monitoring, particularly in Zone II gliomas surgeries, all
neuroanatomical information achieved from basic studies should be
considered imperative for neurosurgeons, as they would strongly ben-
efit from information related to the anatomy of the region and its
patterns of variability to foresee and overcome eventual obstacles.

5. Conclusion

It is extremely important for neurosurgeons to have a detailed in-
formation of the anatomy of the insula [2,4,36,42]. With this anato-
mical and quantitative study, we further contribute to this knowledge
by providing important morphometric and accurate anatomic data from

a large number of human insulae. This, in turn, can be useful for neu-
rosurgeons to overcome the technical challenges associated with the
insula surgical approach.
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