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OBJECTIVE: The brain sulci constitute the main microanatomic delimiting landmarks
and surgical corridors of modern microneurosurgery. Because of the frequent difficulty
in intraoperatively localizing and visually identifying the brain sulci with assurance,
the main purpose of this study was to establish cortical/sulcal key points of primary
microneurosurgical importance to provide a sulcal anatomic framework for the place-
ment of craniotomies and to facilitate the main sulci intraoperative identification.
METHODS: The study was performed through the evaluation of 32 formalin-fixed
cerebral hemispheres of 16 adult cadavers, which had been removed from the skulls
after the introduction of plastic catheters through properly positioned burr holes
necessary for the evaluation of cranial–cerebral relationships. Three-dimensional an-
atomic and surgical images are displayed to illustrate the use of sulcal key points.
RESULTS: The points studied were the anterior sylvian point, the inferior rolandic point,
the intersection of the inferior frontal sulcus with the precentral sulcus, the intersection of
the superior frontal sulcus with the precentral sulcus, the superior rolandic point, the
intersection of the intraparietal sulcus with the postcentral sulcus, the superior point of the
parieto-occipital sulcus, the euryon (the craniometric point that corresponds to the center
of the parietal tuberosity), the posterior point of the superior temporal sulcus, and the
opisthocranion, which corresponds to the most prominent point of the occipital bossa.
These points presented regular neural and cranial–cerebral relationships and can be
considered consistent microsurgical cortical key points.
CONCLUSION: These sulcal and gyral key points can be particularly useful for initial
intraoperative sulci identification and dissection. Together, they compose a framework
that can help in the understanding of hemispheric lesion localization, in the placement
of supratentorial craniotomies, as landmarks for the transsulcal approaches to periven-
tricular and intraventricular lesions, and in orienting the anatomic removal of gyral
sectors that contain infiltrative tumors.
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Although the sulci and the gyri of the
brain are easily identified, particularly in
standard magnetic resonance images (25,

49, 50, 51), their accurate visual transoperative
recognition is notoriously difficult because of
their common anatomic variations and their
arachnoid cerebrospinal fluid and vessel cover-
ings. Therefore, the study of the anatomy of
particular sulcal key points that could serve as
starting sites of sulcal identification and micro-
surgical dissection might be of some help.

The essential microsurgical sulcal and gyral
key points to be studied are those constituted
by the main sulci extremities and/or intersec-

tions and by the cortical sites that underlie
particularly prominent cranial points. For
practical purposes, these key points should be
evaluated regarding their anatomic constan-
cies and their neural and cranial–cerebral re-
lationships.

The development of transcisternal, trans-
fissural, and transsulcal approaches (32, 60,
95–97, 99, 101) established the sulci as fun-
damental anatomic landmarks of the brain.
Particularly regarding the sulci and gyri rela-
tionships with the cranial vault, it is surpris-
ing that despite the huge knowledge of intra-
cranial microanatomy developed during the
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last three decades of the microneurosurgical era (54, 64, 75,
94–96, 101), little has been studied and published about ana-
tomic cranial–cerebral correlations (22, 64, 65, 86). The cranial
landmarks pertinent to the main cortical points used in neu-
rosurgery are still based in the important contributions ob-
tained in this field during the 19th century (3, 10–12, 42, 83,
84), which gave rise to modern neurosurgery by making these
procedures more scientifically oriented and less exploratory
(9, 30). In the present work, we attempted to study the previ-
ously described and new cranial–cerebral relationships in the
light of more recent microanatomic knowledge.

The useful and practical intraoperative frameless imaging
devices recently developed (90), besides being very expensive
and not available in many centers, obviously should not sub-
stitute the anatomic tridimensional knowledge that every neu-
rosurgeon should have to acquire and to continuously de-
velop as part of his or her practice.

The aims of this study were 1) to establish the concept of
sulcal key points and 2) to study their neural and cranial–
cerebral relationships, mainly to ease the sulci intraoperative
identification and to orient the placement of craniotomies.

MATERIALS AND METHODS

The present study was originally performed with 32 cere-
bral hemispheres from 16 adult cadavers at the Death Verifi-
cation Institute of the Department of Pathology and at the
Clinical Anatomy Discipline of the Department of Surgery of
the University of São Paulo Medical School after authorization
by the institution’s Ethical Committee for Analysis of Research
Projects.

The anatomic data obtained were pertinent to the evalua-
tion of sulcal and cortical microneurosurgical key points that
are listed in the Results section and that are presented in two
parts. The first part covers characterization and neural rela-
tionships of topographically important sulcal points, and the
second part covers cranial–cerebral relationships of topo-
graphically important sulcal points and prominent cranial
points, which were studied with the aid of transcranial intro-
duction of catheters.

After proper identification of the cadaver (Table 1) at the
necropsy facilities regarding sex, age, race, weight, height,
date, and necropsy number, and with the pathologist’s con-
sent, the study was carried out according to the steps outlined
below.

1) Exposure of the cranial vault and accomplishment of the
study procedures at the surgical suite of the Discipline of
Clinical Anatomy of the Department of Surgery of the Uni-
versity of São Paulo Medical School. These procedures in-
cluded A) exposure of the external cranial surface through a
standard biauricular necroscopic incision and detachment of
both temporal muscles, with a special concern for exposing the
cranial sutures; B) accomplishment of 1.5-cm burr holes at the
planned sites, as specified and listed in the Results section,
with an electric drill (Dremel Moto-Tool; Dremel, Racine, WI);
C) opening of the dura with a number 11 blade scalpel; and D)

perpendicular introduction of plastic catheters (Plastic Tra-
cheal Aspiration tubes, model Sonda-Suga number 08; Em-
bramed, São Paulo, Brazil) approximately 7 cm in height and
2.5 mm in diameter with the aid of metallic guides.

2) Removal and storage of the specimen at the necropsy
suite. These procedures included A) necroscopic circumferen-
tial opening of the skull and of the dura with proper saw and
scissors by the necroscopic technical personnel under the pa-
thologist’s supervision; B) careful removal of the whole en-
cephalon after basal divisions of the intracranial vessels and
cranial nerves; C) evaluation of the internal aspects of the
studied sites after opening the skull; D) replacement of the
calvarium and closure of the scalp by the necropsy staff; E)
evaluation of the proper positioning of the introduced cathe-
ters; and F) storage of the removed encephalons in 10% for-
malin solution with the specimen suspended by a string held
at the basilar artery to prevent brain deformation.

3) Acquisition of the anatomic data at the clinical anatomy
laboratory, including A) removal of a section of the brainstem
at the midbrain level along with the cerebellum after adequate
encephalon fixation for a least 2 months; B) removal of the
arachnoidal membranes and the superficial vessels of the ce-
rebral hemispheres with the aid of microsurgical loupes (Sur-
gical Loupes of 3.5 enlargement; Designs for Vision, Inc.,
Ronkonkoma, NY) and/or surgical microscope (Zeiss Surgical
Microscope, MDM model; Carl Zeiss Inc., Oberkochen, Ger-
many); C) microscopic evaluation of the introduced catheters
sites, as specified and listed in the Results section; D) separa-
tion of the cerebral hemispheres through the division of the
corpus callosum, and evaluation of the catheter sites related to
the ventricular cavities; and E) after the removal of the cath-
eters, further microscopic evaluation of the sulci of interest for
the study and their related key points, as specified and listed
in the Results section.

The number of specimen evaluated regarding the sulci and
the gyri observations was smaller than the initial sample be-

TABLE 1. Characteristics of the studied cadavers (n � 16)

Sex
Female 7 (44%)
Male 9 (56%)

Race
Caucasian 10 (62.5%)
Black 6 (37.5%)

Age
Range 36–85 yr
Average 62 yr

Weight
Range 48–83 kg
Average 64 kg

Height
Range 1.48–1.90 m
Average 1.67 m
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cause these data were obtained only in the cerebral hemi-
spheres that had not been damaged during the analyses of
cranial–cerebral relationships, which were performed when
the brains were still harboring the catheters. The presentation
of these results is thus reversed in position, for didactical
purposes. The number of specimen of some of the analyzed
data also differed because of eventual losses or incorrect po-
sitioning of a few catheters. The measurements were done in
millimeters and always by the senior author (GCR), at least
twice, and with the aid of millimetric bending plastic rulers
and compasses.

For statistical analysis, all continuous variables were sum-
marized by mean and standard deviation; because of the
nonnormality of the data, range, median, and first and third
quartiles were also included. Right and left sides were com-
pared by Wilcoxon’s matched-pairs signed ranks test (two
tailed). A P value of less than 0.05 was taken as significant (77).
For the statistical comparison of the right and left sides, only
the paired specimen were considered. For this reason, the
statistical findings pertinent to the total specimen, including
the occasional nonpaired specimen, were not exactly related
with the right and the left findings in these cases.

For the evaluation of the neural and cranial topographical
relationships of the sulcal key points, the 90th percentile of the
obtained values was calculated to permit a better estimation of
the interval range of their distances through the analysis of the
distribution of their positions. For the cases that presented
opposite positionings, which were identified through positive
and negative values, the 90th percentiles of both positive and
negative groups were also distinctly calculated to permit a
better descriptive analysis of their positioning distribution and
range (48, 77). Finally, an interval range of up to 2 cm was
considered acceptable for the surgical purposes of craniotomy
placement and sulcal key points for intraoperative visual iden-
tification.

The stereoscopic illustrations displayed here were done
with the anaglyphic technique as previously described by the
senior author (GCR) (67). For their proper viewing, 1) use the
reading glasses under the three-dimensional (3-D) red (left
eye) and blue (right eye) glasses, 2) look at the anaglyphic
images under good light conditions, and 3) leave the image
about 30 cm away from your eyes and as flat as possible, focus
at the deepest aspect of the image, and wait while adapting
your 3-D view.

RESULTS

Characterization and Neural Relationships of
Topographically Important Sulcal Points

The Anterior Sylvian Point: Identification, Location, and
Morphology

The anterior sylvian point was identified in all cases and
was located inferior to the triangular part and anterior/
inferior to the opercular part of the inferior frontal gyrus (IFG)

in all 18 specimen studied regarding this evaluation. The
anterior sylvian point was characterized as an enlargement of
the sylvian fissure caused by the usual retraction of the trian-
gular part of the IFG in relation to the sylvian fissure, with a
variable cisternal aspect: cisternal (3–4 mm), nine specimen
(49%); wide cisternal (�5 mm), five specimen (28%); small
cisternal (2–3 mm), three specimen (17%); and poorly evident
(�2 mm), one specimen (6%).

The Central Sulcus and the Superior Rolandic Point

The central sulcus (CS) in this study was identified in all
cases as a continuous sulcus not connected to any other sulci
anteriorly or posteriorly; its superior extremity was situated
inside the interhemispheric fissure (IHF) in all studied speci-
men. The intersection of the CS with the IHF superior margin,
which evidently characterizes an important neurosurgical
landmark and roughly corresponds to the CS superior extrem-
ity projection over the IHF superior margin, was studied here
under its usual denomination of superior rolandic point (SRP)
and was identified in each specimen.

The Inferior Rolandic Point

The CS inferior extremity, which was identified in all cases,
was superior to the sylvian fissure in 25 specimen (83%) and
was located inside the sylvian fissure in five (17%) out of the
30 specimen studied regarding this observation, with an av-
erage distance of 0.54 � 0.62 cm superior to the sylvian fissure
(Table 2).

The real intersection of the CS with the sylvian fissure, or
the virtual CS and sylvian fissure intersection given by a CS
prolongation, which corresponds to the CS inferior extremity
projection over the sylvian fissure, was studied under the
designation of inferior rolandic point (IRP).

The IRP was located at an average distance of 2.36 � 0.50 cm
posterior to the anterior sylvian point along the sylvian fissure
(Table 2).

The Superior Frontal Sulcus and Its Posterior Extremity
Point

The superior frontal sulcus (SFS) was parallel to the IHF in
the 18 specimen evaluated regarding this verification and was
completely continuous in nine (50%) of these specimen. The
average length of its continuous posterior segment adjacent to
the precentral sulcus was 5.74 � 2.62 cm (Table 2).

The posterior extremity of the superior frontal sulcus (SFS)
was found anterior to the precentral sulcus in one specimen
(6%), coincident with the precentral sulcus in three speci-
men (17%) and posterior to the precentral sulcus in 14
specimen (77%), with an average distance of 0.69 � 0.56 cm
posterior to the precentral sulcus and 2.67 � 0.37 cm lateral
to the IHF (Table 2).

In the coronal plane, the SFS posterior extremity was related
to the superior surface of the thalamus and, thus, the floor of
the body of the lateral ventricle, in the 20 specimen that were
evaluated regarding this relationship.

MICRONEUROSURGICAL SULCAL KEY POINTS
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The Inferior Frontal Sulcus and Its Posterior Extremity
Point

The inferior frontal sulcus (IFS) was parallel to the sylvian
fissure in all 18 specimen, was found as a continuous sulcus in
six specimen (33%), and was found as an interrupted sulcus in
12 specimen (67%). The average length of its continuous pos-
terior segment adjacent to the precentral sulcus was 3.97 �
1.37 cm in the right hemisphere and 2.83 � 1.82 cm in the left
hemisphere (Table 2).

The posterior extremity of the IFS was anterior to the precen-
tral sulcus in four specimen (22%), coincident with the precentral
sulcus in 10 specimen (56%), and posterior to the precentral
sulcus in four specimen (22%), with average distances of 0.03 �
0.48 cm anterior to the precentral sulcus, 2.84 � 0.65 cm superior
to the sylvian fissure, and 1.23 � 0.48 cm from the anterior
sylvian point along a parallel line to the sylvian fissure (distance
of IFS posterior extremity vertical projection on the sylvian fis-
sure from the anterior sylvian point) (Table 2).

The Intraparietal Sulcus and Its Anterior Extremity Point

The intraparietal sulcus (IPS) was parallel or almost parallel to
the IHF in 16 specimen (89%), almost perpendicular to the IHF in
two specimen (11%), continuous with the postcentral sulcus in-
ferior portion in 15 specimen (83%), and noncontinuous with the
postcentral sulcus in three specimen (17%). The most evident
segment of the IPS was superior to only the supramarginal gyrus
(SMG) in 10 specimen (56%) and superior to both the supramar-

ginal and the angular gyri (AG) in eight specimen (44%), with an
average length of 3.19 � 1.17 cm (Table 2).

The IPS anterior extremity point, which corresponds to its
most anterior point, was identified as a transition point be-
tween the IPS and the postcentral sulcus in 12 specimen (67%),
as a distinct anterior extremity point of an IPS not continuous
with the postcentral sulcus in two specimen (11%), and as not
identifiable as a single distinct point in four specimen (22%)
because of duplication and/or oblique or transverse morphol-
ogy of the IPS. The IPS anterior extremity was situated at an
average distance of 3.96 � 0.67 cm lateral to the IHF (Table 2).

In the coronal plane, the IPS anterior extremity was poste-
rior to the lateral ventricle atrium in all 20 specimen studied
regarding this evaluation. It was at the level of the corpus
callosum splenium in 15 specimen (75%) and posterior to this
structure in five (25%) of these 20 specimen, with an average
posterior distance of 0.23 � 0.50 cm between the respective
coronal planes (Table 2).

The IPS anterior extremity was related to the lateral ven-
tricle atrium along a 30-degree posterior oblique plane in 19
specimen (95%), and required an inclination of 45 degrees
to achieve this relationship in one specimen (5%).

The Superior Temporal Sulcus Posterior Portion and Its
Posterior Extremity Point

The posterior point of the posterior segment of the superior
temporal sulcus (postSTS) was defined in this study as the

TABLE 2. Important sulcal points and related measurementsa

No.
Range
Total

First quartile Median

R L Total R L Total R L Total

Distance CS inf extr–SyF 14 15 29 �1.00 to 1.20 0.50 0.45 0.50 0.50 0.70 0.60

Distance IRP–ASyP (along the SyF) 9 9 18 1.80 to 4.00 2.00 2.00 2.00 2.20 2.50 2.25
SFS posterior segment length 9 9 18 2.00 to 11.50 4.50 2.75 3.88 5.70 6.50 5.85
Distance SFS post extr–preCS 9 9 18 �0.50 to 1.50 0.40 0.00 0.23 0.60 0.80 0.80

Distance SFS post extr–IHF 9 9 18 2.00 to 3.30 2.35 2.45 2.48 2.90 2.50 2.55
IFS posterior segment length 9 9 18 1.00 to 6.20 2.75 1.40 1.95 3.70 2.30 3.25

Distance IFS post extr–preCS 9 9 18 �1.00 to 0.70 0.00 �0.50 �0.13 0.00 0.00 0.00

Distance IFS post extr–SyF 9 9 18 1.30 to 4.50 2.60 2.40 2.50 3.00 2.80 2.80
Distance IFS post extr–ASyP (parallel to the SyF) 9 9 18 0.00 to 2.30 0.90 0.60 0.78 1.00 0.80 0.90

IPS most evident segment length 9 9 18 1.30 to 5.00 1.63 2.13 2.00 3.60 2.75 3.20
Distance IPS ant extr–IHF 9 9 18 2.40 to 4.70 4.00 3.50 4.00 4.00 4.00 4.00
Distance IPS ant extr coronal plane–posterior
aspect of splenium coronal plane

10 10 20 0.00 to 2.00 0.00 0.00 0.00 0.00 0.00 0.00

EOF length 9 9 18 1.40 to 3.50 1.50 1.90 1.65 2.00 2.50 2.00
Distance EOF/POS extr–postCS (along the IHF;
precuneus anteroposterior length)

9 9 18 2.70 to 5.00 3.40 3.45 3.48 4.20 3.70 4.00
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posterior extremity of its most clearly distal segment identi-
fied as a single sulcal trunk before the frequent superior
temporal sulcus (STS) distal bifurcation. This clearly identifi-
able STS posterior segment was in continuity with the more
anterior part of the STS in 23 specimen (88%), was identified as
a single trunk posterior to a STS interruption in two specimen
(8%), and was characterized as a local secondary sulcus in one
(4%) out of the 26 specimen evaluated regarding this analysis.

The postSTS was systematically posterior and inferior to the
posterior sylvian point in all 20 specimen studied regarding
this evaluation, and the postSTS was related with the lateral
ventricle atrium along a 45-degree posteriorly oblique plane in
18 specimen (90%), and along a 30- to 45-degree posteriorly
oblique plane in two specimen (10%).

The External Occipital Fissure and Its Medial Extremity
Point

The external occipital fissure (EOF) (9), which corresponds
to the extension of the parieto-occipital sulcus (POS) along the
superolateral face of the cerebral hemisphere, was evident and
well defined in all 18 specimen evaluated for this verification,
with an average length of 2.23 � 0.62 cm (Table 2).

The EOF medial point (EOF/POS), which corresponds to
the superior extremity of the POS on the IHF, was also iden-

tified in all of these 18 specimen and was situated at an
average distance of 3.95 � 0.64 cm posterior to the postcentral
sulcus (Table 2), a distance that corresponds to the precuneus
longitudinal length.

Cranial–Cerebral Relationships of the Topographically
Important Sulcal Points and of Prominent
Cranial Points

Anterior Sylvian Point

The relationships of the anterior sylvian point with the
external cranial surface were evaluated through the study of
the topographic correlations between the anterior sylvian
point and a skull point that was designated as the anterior
squamous point and defined as the central point of a 1.5-cm-
diameter burr hole located on the most anterior segment of the
squamous suture, superior to the sphenosquamous suture and
just posterior to the sphenoparietal suture, and thus over the
squamous suture just posterior to the H central bar that char-
acterizes the pterion.

After its exposure, the pterion had an evident H morphology
in 23 specimen (72%) and a nonsimilar H-shape in nine (28%) out
of the 32 specimen evaluated, allowing an easy and proper
anterior squamous point identification in all studied specimen.

TABLE 2. Continued

Third quartile Mean Standard deviation
Right � left

(Wilcoxon; P value)

90th percentiles

Observations
R L Total R L Total R L Total Total

Positive
values

Negative
values

1.05 1.00 1.00 0.53 0.56 0.54 0.71 0.56 0.62 0.916 1.20 1.20 0.30 Negative, superior to SyF;
positive, inferior to SyF

2.45 2.65 2.60 2.22 2.49 2.36 0.27 0.65 0.50 0.182
6.50 8.50 6.88 5.59 5.89 5.74 1.94 3.28 2.62 0.866
1.10 1.15 1.05 0.72 0.66 0.69 0.46 0.67 0.56 0.767 1.50 1.50 0.00 Negative, anterior to preCS;

positive, posterior to preCS
3.20 2.80 2.93 2.78 2.56 2.67 0.42 0.29 0.37 0.122
5.25 4.50 5.00 3.97 2.83 3.40 1.37 1.82 1.67 0.036* Right- and left-side measurements

significantly different (P � 0.05)
0.25 0.30 0.13 0.01�0.08 �0.03 0.45 0.54 0.48 0.674 0.61 0.65 0.00 Negative, anterior to preCS;

positive, posterior to preCS
3.45 2.95 3.10 3.10 2.58 2.84 0.67 0.55 0.65 0.075
1.50 0.90 1.20 1.23 0.72 0.98 0.48 0.33 0.48 0.007* Right- and left-side measurements

significantly different (P � 0.05)
4.38 4.40 4.28 3.14 3.13 3.19 1.34 1.17 1.17 0.866
4.50 4.50 4.50 4.00 3.92 3.96 0.61 0.75 0.67 0.684
0.25 0.50 0.38 0.30 0.15 0.23 0.67 0.24 0.50 0.705

2.75 2.80 2.80 2.10 2.36 2.23 0.75 0.47 0.62 0.204
4.40 4.50 4.50 3.97 3.93 3.95 0.70 0.61 0.64 0.779

a R, right; L, left; CS inf extr, central sulcus inferior extremity; SyF, sylvian fissure; IRP, inferior rolandic point; ASyP, anterior sylvian point; SFS, superior frontal sulcus; SFS post extr, superior
frontal sulcus posterior extremity point; preCS, precentral sulcus; IHF, interhemispheric fissure; IFS, inferior frontal sulcus; IFS post extr, inferior frontal sulcus posterior extremity point; IPS ant
extr, intraparietal sulcus anterior extremity; EOF, external occipital fissure; EOF/POS, EOF medial point that corresponds to the parieto-occipital sulcus’ most superior point; postCS, postcentral
sulcus. A P value of less than 0.05 is significant for right side measurements different than left side measurements. Measurements are in centimeters.

MICRONEUROSURGICAL SULCAL KEY POINTS
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Regarding the vertical position of the anterior sylvian point
relative to the squamous suture, the anterior squamous point
was superior to the anterior sylvian point in one specimen
(4%), situated at the anterior sylvian point level in 19 specimen
(70%), and inferior to the anterior sylvian point in seven (26%)
out of the 27 specimen studied regarding this evaluation, with
an average distance of 0.18 � 0.41 cm inferior to the anterior
sylvian point and without a significant difference between the
right and the left sides (Table 3). Regarding the horizontal
position of the anterior sylvian point along the squamous
suture, the anterior squamous point was anterior to the ante-
rior sylvian point in six specimen (22%), at the same level of
the anterior sylvian point along the sylvian fissure in 15 spec-
imen (56%), and posterior to the anterior sylvian point in
another six (22%) out of the 27 specimen evaluated, with an
average distance of 0.02 � 0.53 cm anterior to the anterior
sylvian point and without a significant difference between the
two sides (Table 3). The 90th percentile values pertinent to the

vertical positioning of the anterior squamous point relative to
the anterior sylvian point (total, 0.00 cm; superior values, 0.00
cm; inferior values, 0.00 cm) and the 90th percentile values
pertinent to the horizontal positioning of the anterior squa-
mous point, relative to the anterior sylvian point (total, 0.68
cm; anterior, 0.00 cm; posterior, 0.92 cm) indicate a very close
relationship between the anterior sylvian point and the most
anterior segment of the squamous suture (Table 3).

Superior Rolandic Point

The superior rolandic point position relative to the external
cranial surface was studied regarding its position relative to
the central point of a 1.5-cm burr hole that was centered 5 cm
posterior to the bregma and just lateral to the sagittal suture,
and that was named the superior sagittal point. The bregma
was located at an average distance of 12.69 � 0.70 cm posterior
to the nasion (Table 4).

TABLE 3. Important sulcal points and cranial-cerebral relationships and measurementsa

No.

Range
Total

First
quartile

Median

R L Total R L Total R L Total

ASqP–ASyP vertical distance 13 13 27 �1.60 to 0.50 �0.30 �0.55 �0.50 0.00 0.00 0.00

ASqP–ASyP horizontal distance 13 13 27 �1.50 to 1.00 0.00 �0.25 0.00 0.00 0.00 0.00

SSaP–SRP distance 16 16 32 �1.50 to 1.20 �0.43 0.00 �0.15 0.00 0.00 0.00

SSqP–preAuDepr distance 15 15 30 3.50 to 5.00 3.50 3.50 3.50 4.00 4.00 4.00
SSqP–SyF distance 15 15 31b �1.20 to 0.60 0.00 0.00 0.00 0.00 0.00 0.00

SSqP–IRP horizontal distance 15 15 31b �2.40 to 1.80 �0.50 �0.60 �0.60 0.00 0.00 0.00

PCoP–SFS distance 16 16 32 �0.50 to 1.50 0.00 0.00 0.00 0.00 0.00 0.00

PCoP–preCS distance 16 16 32 �2.40 to 1.50 �1.20 �1.38 �1.28 �0.90 �0.95 �0.95

St–Br distance 11 11 22 7.00 to 9.00 7.00 7.00 7.00 8.00 7.50 7.90
St–IFS distance 15 15 30 �2.10 to 1.10 0.00 �0.50 �0.40 0.00 0.00 0.00

St–preCS distance 15 15 30 �2.00 to 0.80 �0.60 �0.70 �0.70 0.00 �0.30 �0.25

IPP–IPS distance 16 16 32 �0.50 to 2.00 0.00 0.00 0.00 0.40 0.15 0.30

IPP–postCS distance 16 16 32 0.00 to 2.50 0.50 1.00 0.83 1.55 1.30 1.35
TPP–postSTS distance 12 12 26b �1.00 to 1.00 0.00 0.00 0.00 0.00 0.00 0.00

TPP–PSyP vertical distance 12 12 26b 0.00 to 2.40 1.00 1.30 1.00 1.40 1.50 1.50
TPP–PSyP horizontal distance 12 12 26b 1.00 to 4.00 2.13 1.28 1.50 2.50 1.50 1.80
TPP–PsyP direct distance 12 12 26b 1.00 to 4.20 2.50 1.50 1.75 2.55 2.00 2.40
La/Sa–EOF/POS distance 16 16 32 �0.50 to 1.20 0.00 0.00 0.00 0.35 0.00 0.00
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The superior sagittal point was anterior to the SRP in eight
specimen (25%), at the SRP level in 12 specimen (37.5%), and
posterior to the SRP in 12 (37.5%) of the 32 studied specimen, at
an average distance of 0.10 � 0.59 cm posterior to the SRP,
without any significant differences between sides (Table 3). Its
90th percentile values (total, 0.94 cm; posterior values, 1.10 cm;
anterior values, 0.00 cm) indicate a predominant posterior distri-
bution of the superior sagittal point relative to the SRP (Table 3).

Inferior Rolandic Point

The inferior rolandic point, which corresponds to the CS infe-
rior extremity projection on the sylvian fissure, was studied for

its position relative to the external cranial surface regarding its
position relative to the central point of a 1.5-cm burr hole located
at the intersection of the squamous suture with a vertical line
originating at the preauricular depression. This point was called
the superior squamous point and was found, in all cases, to be
situated along the most superior segment of the squamous su-
ture. The height of the squamous suture at this level, which
corresponds to the superior squamous point–preauricular de-
pression distance, had an average value of 4.02 � 0.49 cm,
without significant differences between sides (Table 3).

The superior squamous point was found superior to the
sylvian fissure in five specimen (16%), at the sylvian fissure

TABLE 3. Continued

Third
quartile

Mean
Standard
deviation Right � left

(Wilcoxon; P
value)

90th
percentiles

Observations

R L Total R L Total R L Total Total
Positive
values

Negative
values

0.00 0.00 0.00 �0.15 �0.23 �0.18 0.28 0.53 0.41 0.416 0.00 0.00 0.00 Negative, inferior; positive,
superior

0.25 0.15 0.00 0.09 �0.08 �0.02 0.38 0.64 0.53 0.463 0.68 0.92 0.00 Negative, anterior; positive,
posterior

0.50 0.50 0.50 �0.03 0.23 0.10 0.67 0.48 0.59 0.099 0.94 1.10 0.00 Negative, anterior; positive,
posterior

4.50 4.00 4.13 4.05 3.99 4.02 0.50 0.50 0.49 0.414
0.00 0.30 0.00 �0.13 �0.03 �0.08 0.37 0.46 0.41 0.429 0.46 0.50 0.00 Negative, inferior; positive,

superior
0.70 0.50 0.60 0.15 �0.13 �0.06 0.93 0.97 1.01 0.381 1.16 1.44 0.00 Negative, anterior; positive,

posterior
0.00 0.00 0.00 0.02 0.13 0.07 0.14 0.43 0.32 0.462 0.44 0.48 0.00 Negative, lateral; positive,

medial
�0.13 0.00 0.00 �0.87 �0.65 �0.76 0.71 0.88 0.79 0.401 0.00 1.38 0.00 Negative, anterior; positive,

posterior
8.50 8.50 8.50 7.95 7.71 7.83 0.76 0.71 0.73 0.287
0.00 0.00 0.00 �0.16 �0.17 �0.17 0.68 0.26 0.50 0.552 0.00 0.00 0.00 Negative, inferior; positive,

superior
0.50 0.00 0.00 �0.26 �0.42 �0.34 0.82 0.61 0.71 0.266 0.68 0.75 0.00 Negative, anterior; positive,

posterior
0.95 0.78 0.80 0.46 0.38 0.42 0.45 0.59 0.52 0.528 1.00 1.00 0.00 Negative, lateral; positive,

medial
1.98 1.50 1.80 1.30 1.31 1.31 0.83 0.49 0.67 1.000 2.28 IPP always posterior to postCS
0.00 0.00 0.00 �0.03 0.00 �0.01 0.35 0.43 0.37 0.892 0.24 0.48 0.00 Negative, inferior; positive,

superior
2.00 1.78 1.85 1.40 1.35 1.37 0.65 0.67 0.63 0.635 TPP always inferior to PSyP
3.08 1.68 2.50 2.54 1.55 2.00 0.85 0.43 0.82 0.008c TPP always posterior to PSyP
3.50 2.40 2.65 2.80 1.98 2.35 0.91 0.46 0.80 0.012c

0.50 0.23 0.50 0.34 0.13 0.23 0.39 0.37 0.39 0.059 0.94 0.98 0.00 Negative, anterior; positive,
posterior

a R, right; L, left; ASqP, anterior squamous point; ASyP, anterior sylvian point; SSaP, superior sagittal point; SRP, superior rolandic point; SSqP, superior squamous point; preAuDepr,
preauricular depression; SyF, sylvian fissure; IRP, inferior rolandic point; PCoP, posterior coronal point; SFS, superior frontal sulcus; preCS: precentral sulcus; St, stephanion (coronal suture
and superior temporal line meeting point); Br, bregma; IFS, inferior frontal sulcus; IPP, intraparietal point; IPS, intraparietal sulcus; postCS, postcentral sulcus; TPP, temporoparietal point; PSyP,
posterior sylvian point; La/Sa, lambdoid–sagital point; EOF/POS, external occipital fissure medial point, equivalent to the most superior point of the parieto-occipital sulcus. Measurements are
in centimeters.
b Different total number attributable to inclusion of nonpaired specimen, as explained in the Patients and Methods section.
c Significant difference between right and left sides.
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level in 20 specimen (65%), and inferior to the sylvian fissure
in six (19%) out of the 31 specimen evaluated regarding this
analysis, with an average distance of 0.08 � 0.41 cm inferior to
the sylvian fissure and without significant differences between
sides (Table 3). Relative to the IRP, the superior squamous
point was anterior in 10 specimen (32%), at the same level in
nine specimen (29%), and posterior in 12 specimen (39%), at an
average distance of 0.06 � 1.01 cm anterior to the IRP and
without right and left significant differences (Table 3). The 90th
percentile values of the superior squamous point vertical dis-
tance from the IRP (total, 0.46 cm; superior values, 0.50 cm;
inferior values, 0.00 cm) and the horizontal distance from the
IRP (total, 1.16 cm; posterior, 1.44 cm; anterior, 0.00 cm) indi-
cate a very appropriate vertical correlation between the dis-
tribution of these two points, with a predominant posterior
distribution of the superior squamous point position relative
to the IRP (Table 3).

The Superior Frontal and Precentral Sulci Meeting Point

The real SFS and precentral sulcus meeting point, or virtual
meeting point given by the intersection of the precentral sul-
cus with a posterior SFS prolongation (SFS/precentral sulcus),
had its external cranial projection examined regarding its re-
lationships with the central point of a 1.5-cm burr hole located
1 cm posterior to the coronal suture and 3 cm lateral to the
sagittal suture. This point was called the posterior coronal
point (PCoP).

Relative to the SFS, the PCoP was lateral to the SFS in two
specimen (6%), coincident with the SFS in 26 specimen (81%),
and medial to the SFS in four specimen (13%), at an average
distance of 0.07 � 0.32 cm medial to the SFS and without right
and left significant differences (Table 3). Its 90th percentile
values (total, 0.44 cm; medial values, 0.48 cm; lateral values,
0.00 cm) corroborate their close relationship (Table 3).

Relative to the precentral sulcus, the PCoP was anterior to
the precentral sulcus in 22 specimen (69%), at the precentral
sulcus level in eight specimen (25%), and posterior to the
precentral sulcus in two specimen (6%), at an average distance
of 0.76 � 0.79 cm anterior to the precentral sulcus and without
significant differences between sides (Table 3). Its 90th percen-
tiles (total, 0.00 cm; posterior values, 1.38 cm; anterior values,
0.00 cm) indicate their close relationship (Table 3).

The Inferior Frontal and Precentral Sulcus Meeting Point

The real inferior frontal sulcus (IFS) and precentral sulcus
meeting point, or virtual meeting point given by the intersec-
tion of the precentral sulcus with a posterior IFS prolongation
(IFS/precentral sulcus), had its external cranial projection ex-
amined regarding its position relative to the central point of a
1.5-cm burr hole at the intersection of the coronal suture and
the superior temporal line, a location that constitutes a cranio-
metric point called the stephanion (St) (11, 59). The average
distance from the St to the bregma along the coronal suture
was 7.83 � 0.73 cm, without right and left significant differ-
ences (Table 3).

Relative to the IFS, the St was superior to the IFS in one
specimen (3%), at the IFS level in 21 specimen (70%), and
inferior to the IFS in eight (27%) out of the 30 specimen studied
regarding this evaluation, at an average distance of 0.17 � 0.50
cm inferior to the IFS and without significant differences be-
tween sides (Table 3). Its 90th percentiles (total, 0.00 cm; supe-
rior values, 0.00 cm; inferior values, 0.00 cm) corroborate their
very close relationship (Table 3).

Relative to the precentral sulcus, the St was anterior in 16
specimen (53%), at the same level in nine specimen (30%), and
posterior in five specimen (17%), at an average distance of 0.34
� 0.71 cm anterior to the precentral sulcus (Table 3). Its 90th
percentiles (total, 0.68 cm; posterior values, 0.75 cm; anterior
values, 0.00 cm) corroborate their close relationship (Table 3).

The Intraparietal and Postcentral Sulci Meeting Point

The intraparietal sulcus (IPS) and postcentral sulci transi-
tional point or meeting point, given by a real intersection or by
a postcentral sulcus intersection with an anterior IPS prolon-
gation and designated here as an IPS and postcentral sulcus
meeting point (IPS/postcentral sulcus), had its external cranial
surface projection evaluated through the study of its relation-
ships with the central point of a 1.5-cm burr hole centered 5 cm
anterior to the � and 4 cm lateral to the sagittal suture, referred
to here as the intraparietal point (IPP). The � was located at an
average distance of 25.63 � 1.16 cm posterior to the nasion and
12.94 � 0.68 cm posterior to the bregma (Table 4).

The IPP was found lateral to the IPS in one specimen (3%),
at the level of the IPS in 13 specimen (41%), and medial to the
IPS in 18 (56%) of the 32 studied specimen, at an average
distance of 0.42 � 0.52 cm medial to the IPS (Table 4). Its 90th

TABLE 4. Cranial midline measurementsa

No. Range First quartile Median Third quartile Mean Standard Deviation

Na-Br 16 12.00–14.00 12.00 12.50 13.00 12.69 0.70
Na-La 16 24.00–28.00 25.00 25.00 26.00 25.63 1.16
Br-La 16 12.00–14.00 12.50 13.00 13.13 12.94 0.68
La-OpCr 16 1.00–4.00 2.38 3.00 4.00 3.00 0.93

a Na, nasion; Br, bregma; La, lambda; OpCr, opisthocranion. Measurements are in centimeters.
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percentiles (total, 1.00 cm; medial values, 1.00 cm; lateral val-
ues, 0.00 cm) indicate the predominant medial distribution of
the IPP relative to the IPS (Table 3).

Relative to the postcentral sulcus, the IPP was found to be
posterior to the postcentral sulcus in all specimen, at an aver-
age distance of 1.31 � 0.67 cm (Table 3) and without significant
differences between sides (Table 3). Its 90th percentiles (total,
2.28 cm) emphasize the predominant posterior distribution of
the IPP relative to the postcentral sulcus (Table 3).

The Superior Temporal Sulcus Posterior Portion Point

The superior temporal sulcus posterior portion and poste-
rior point (postSTS) external cranial projection was studied
through its relationships with the central point of a 1.5-cm
burr hole centered 3 cm vertically above the meeting point of
the parietomastoid suture and the squamous suture, referred
to here as the temporoparietal point, which was found to be
just below the posterior aspect of the superior temporal line in
all cases.

The temporoparietal point was superior to the postSTS in
two specimen (8%), at the same level of the postSTS in 21
specimen (80%), and inferior to the postSTS in three (12%) out
of the 26 specimen studied regarding this observation, at an
average distance of 0.01 � 0.37 cm inferior to the postSTS and
without any significant differences between sides (Table 3). Its
90th percentiles (total, 0.24 cm; superior values, 0.48 cm; infe-
rior values, 0.00 cm) corroborate their close relationship (Table
3).

The temporoparietal point position was also studied in re-
lation to the posterior sylvian point and was found to be
situated posterior and inferior to the posterior sylvian point in
all cases. The temporoparietal point was, on average, 1.37 �
0.63 cm inferior to the posterior sylvian point, without signif-
icant differences between sides, and 2.54 � 0.85 cm posterior
to the posterior sylvian point in the right side and 1.55 � 0.43
cm posterior to the posterior sylvian point in the left side, with
a significant difference between the two sides. The average
direct distance from the posterior sylvian point was 2.80 �
0.91 cm in the right side and 1.98 � 0.46 cm in the left side,
with a significant difference between sides (Table 3).

The External Occipital Fissure Medial Point

The external occipital fissure (EOF) medial point (EOF/
POS), which is situated on the IHF and which corresponds to
the most superior point of the parietoccipital sulcus (POS)
when it reaches the IHF, had its external cranial projection
studied through its relationships with the central point of a
1.5-cm burr hole located at the angle between the lambdoid
and the sagittal sutures, referred to here as lambdoid/sagittal
point (La/Sa).

The La/Sa was situated anterior to the EOF/POS in two
specimen (6%), at the EOF/POS level in 16 specimen (50%),
and posterior to the EOF/POS in 14 specimen (44%), at an
average distance of 0.23 � 0.39 cm posterior to the EOF/POS
(Table 3). Its 90th percentiles (total, 0.94 cm; posterior values,

0.98 cm; anterior values, 0.00 cm) indicate a slightly predom-
inant posterior distribution of the lambdoid/sagittal relative
to the EOF/POS (Table 3).

The Euryon

Because of its palpatory evidence, the craniometric point
called the euryon, which corresponds to the center and the
most prominent point of the parietal tuberosity (11, 59), was
evaluated regarding its cortical-related point through the
study of the cortical area underneath the center of a 1.5-cm
burr hole centered at the euryon.

The euryon was located over the superior temporal line in
three specimen (9%) and just superior to this line in 29 spec-
imen (91%). Relative to a vertical line originating at the
mastoid-tip posterior aspect and passing through the parieto-
mastoid suture and squamous suture meeting point, the eu-
ryon was anterior to this line in five specimen (16%), at the
level of this line in 26 specimen (81%), and posterior to it in
one specimen (3%), at an average distance of 0.23 � 0.75 cm
anterior to this vertical line and 6.48 � 0.79 cm superior to the
parietomastoid suture and squamous suture meeting point,
without any significant differences between sides in all 32
specimen (Table 5). The euryon was situated anterior and
inferior to the previously mentioned IPP, at an average dis-
tance of 4.10 � 0.63 cm along an approximately 45-degree
inclined line, without significant differences between the right
and left sides, in the 28 specimen studied regarding this eval-
uation (Table 5).

The euryon was found to be situated over the superior
aspect of the supramarginal gyrus (SMG) in all 32 specimen,
more anteriorly located in relation to the SMG middle point in
eight specimen (25%), centrally located in nine specimen
(28%), and more posteriorly located over the SMG in 15 spec-
imen (47%).

The euryon was posterior to the postcentral sulcus in all 32
specimen, at an average distance of 2.12 � 0.72 cm. The
euryon was lateral to the IPS in all 30 specimen examined for
this evaluation, at an average distance of 2.00 � 0.84 cm,
without significant differences between sides. The euryon was
anterior to the intermediary sulcus of Jensen (ISJ), which sep-
arates the SMG and the angular gyrus (AG), in all 28 specimen
studied for this evaluation, at an average distance of 1.36 �
0.74 cm in the right side and 1.76 � 0.80 cm in the left side,
with a statistically significant difference between sides and
with an average value of 1.56 � 0.78 cm (Table 5).

Relative to the posterior sylvian point, the euryon was su-
perior to the posterior sylvian point in all 31 specimen sub-
mitted to this verification, having been found to be in the same
vertical level of the posterior sylvian point in two specimen
(6%) and posterior to the posterior sylvian point in the other
29 specimen (94%). The direct distance between the euryon
and the posterior sylvian point had an average value of 2.60 �
0.66 cm, without significant differences between the right and
the left sides (Table 5).
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The Opisthocranion

The opisthocranion, the craniometric point that corresponds
to the most prominent occipital cranial point (11, 59), had its
cortical relationships studied through the evaluation of the
cortical area situated underneath the center of a 1.5-cm burr
hole centered at the opisthocranion level just lateral to the
midline.

The opisthocranion was evident in all specimen and was
situated at an average distance of 3.00 � 0.93 cm below the �
(Table 4). Relative to the brain surface, it was located at an
average distance of 0.05 � 0.30 cm superior to the distal end of
the calcarine fissure among the 27 specimen studied regarding
this evaluation (Table 5) and at an average distance of 1.71 �
0.49 cm superior to the most posterior aspect of the occipital
base among the 24 specimen studied regarding this evaluation
(Table 5), in both cases without significant differences between
the right and the left sides (Table 5). The 90th percentiles
pertinent to the opisthocranion and the calcarine fissure posi-
tions (total, 0.56 cm; superior values, 0.62 cm; inferior values,
0.00 cm) (Table 5) show their close topographical relationship.

DISCUSSION

It is interesting to stress that the neuroimaging and the
intraoperative identifications of intracranial structures, as
with other body organs, are done from and based on the initial
recognition of the surrounding natural spaces, which, intracra-
nially, are constituted by the cerebrospinal fluid–filled spaces,
and that surgery is always preferably done through the same
natural spaces, and thus also preferably through cerebrospinal
fluid spaces for intracranial surgery.

This ideal practice became possible only with the advent of
microneurosurgery, particularly with the contributions of M.
Gazi Yaşargil (94) and evolved through the progressive devel-
opment of initial transfissural and transcisternal approaches, par-
ticularly for surgery of extrinsic lesions (101) and posterior trans-

sulcal approaches for intrinsic lesions (32, 60, 96, 97, 99), with the
consequent establishment of the sulci as fundamental anatomic
landmarks for its practice. The brain sulci are now used as
surgical corridors for underlying lesions and for reaching the
ventricular spaces, for limiting, en bloc or piecemeal, resections of
intrinsic lesions or gyri and lobules with enclosed lesions, and
should be recognized and avoided if necessary.

Given the actual brain anatomy, with the gyri constituting a
real continuum throughout their multiple, and, to some ex-
tent, also variable, superficial and deep connections that re-
spectively interrupt and limit the depth of their related sulci,
it is important to emphasize that despite being distinctively
named, the gyri should be understood as arbitrary circum-
scribed regions of the brain surface, delimited by sulci that
correspond to extensions of the subarachnoid space, and that
should also be understood as arbitrary circumscribed spaces
of the brain surface that can be constituted by single or mul-
tiple segments and, to some extent, with a variable morphol-
ogy (Fig. 1).

Once identified at surgery, the brain sulci can be opened
and used as microsurgical corridors, or they can be left un-
touched and used only as anatomic landmarks. Compared
with the transgyral approaches, besides the obvious advan-
tage of providing a natural closer proximity to deep spaces
and lesions, the transsulcal approaches of the superolateral
surface of the brain are naturally oriented towards the nearest
part of the ventricular cavity, which can be very helpful when
dealing with peri- and/or intraventricular lesions. Despite
their anatomic variations, the main sulci have constant topo-
graphical relationships with their more closely related ventric-
ular cavities and, thus, with the deep neural structures (32, 54,
64, 75). This unique feature of these sulci’s radial orientation
relative to the nearest ventricular space is well seen in mag-
netic resonance imaging (MRI) coronal cuts.

Because the cortex is thicker over the crest of a convolution
and thinner in the depth of a sulcus, the transgyral approaches

TABLE 5. Prominent cranial points and related measurementsa

No.
Range
Total

First quartile Median

R L Total R L Total R L Total

Eu–post mast/PMS and SqS meeting point vertical line distance 16 16 32 �2.00 to 1.50 0.00 0.00 0.00 0.00 0.00 0.00

Eu-PMS and SqS meeting point distance 16 16 32 5.00 to 8.00 6.00 5.63 6.00 6.50 6.50 6.50
Eu–IPP distance 14 14 28 3.00 to 5.50 3.73 3.50 3.50 4.00 4.00 4.00
Eu–postCS distance 16 16 32 0.50 to 3.70 1.58 1.73 1.73 2.00 2.00 2.00
Eu–IPS distance 14 14 30b 0.20 to 3.50 1.43 1.20 1.20 2.35 2.00 2.05
Eu–ISJ distance 14 14 28 0.00 to 3.00 0.75 1.25 1.13 1.60 1.70 1.60
Eu–PSyP distance 15 15 31b 1.20 to 4.00 2.50 2.00 2.20 2.70 2.50 2.60
OpCr–CaF distance 13 13 27b �1.00 to 1.00 0.00 0.00 0.00 0.00 0.00 0.00

OpCr–OccBa distance 11 11 24b 1.00 to 2.50 1.60 1.20 1.23 2.00 1.70 1.70
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sacrifice a bigger number of neurons and projection fibers,
whereas the transsulcal approaches sacrifice a bigger number
of U fibers (14, 32, 88).

The transsulcal approach’s major disadvantage is that the
surgeon has to deal with intrasulcal vessels with diameters
proportional to the sulci dimensions and with occasional cor-
tical veins that can run along the sulci surface. Besides their
respective vascular impairments, the damage of these vessels
can cause bleeding that can spread through the adjacent sub-
arachnoid space and that can obliterate the proper microsur-
gical view. Even small vessels can be critical in eloquent areas
of the brain.

To avoid stretching and/or tearing these vessels, and to
optimize the sulci opening, the arachnoid should be divided,
preferably with sharp instruments, and the sulci should be
progressively opened at a similar depth level along its entire
required extension. The running arteries should be freed and
protected towards one side after the coagulation and division
of their tiny contralateral perforating branches, and whereas
the coagulation and division of bigger veins are conditioned to
their locations, the small intrasulcal veins should be usually
coagulated to prevent posterior bleeding during subsequent
maneuvers; vessels at the sulci depth can be avoided if nec-
essary by entering the white matter before them. Bigger sulcal
opening extensions provide less traction of the sulcal-related
vessels and walls, easing the transsulcal work by decreasing
the need for still retractors.

For hemispheric intrinsic lesion removal, the transsulcal
approaches can be useful for reaching lesions that can then be
removed piecemeal or en bloc, and also for delimiting the
removal of a gyral region that encloses the lesion. Particularly
for the infiltrative gliomas that frequently remain confined
within their sites of origin for some time (96), the anatomic

removal of a gyral or a lobular sector enclosing the tumor is
justified and can facilitate and enhance its radical resection in
noneloquent areas.

Parallel to the significant microneurosurgical (94) and intra-
cranial microanatomic knowledge (64, 95, 96) developments of
the past decades, it is interesting to observe that the current
localization of the brain sulci and gyri on the external cranial
surface for the proper positioning of supratentorial cranioto-
mies and for general transoperative orientation (65, 75, 86) is
still mostly based in cranial–topographic anatomy studies
done particularly during the second half of the 19th century (9,
28, 38, 39, 42, 83, 84, 86), or done with the aid of stereotactic
(15) or sophisticated frameless imaging devices (90).

The personal appraisal of the surface projection of intrinsic
lesions seen in neuroradiological images frequently done by
neurosurgeons is difficult and not secure because of the irreg-
ular oval shape of the skull and the brain, the obliqueness and
variable levels of axial and coronal images, and the lack of fine
cranial vault imaging in MRI 3-D reconstructions. Special
techniques developed for this aim may require specific devices
and are based on calculations that are not free of error (16, 27,
33, 37, 41, 52, 58).

The intraoperative frameless imaging devices developed
during the past decade (90), when available, are no substitute
for the cranial–cerebral anatomic knowledge that every neu-
rosurgeon must have and must improve throughout his or her
practice. Moreover, the transoperative brain displacement can
affect the accuracy of these navigation systems (18, 68, 81), and
although real-time corrections can be made through the fusion
of ultrasound images with neuronavigation (87), a proper
transoperative anatomic orientation is, of course, mandatory
for interpreting and double-checking these imaging data. The
same can be argued about the more recent development of

TABLE 5. Continued

Third quartile Mean Standard Deviation
Right � left

(Wilcoxon; P value)

90th percentiles

Observations
R L Total R L Total R L Total Total

Positive
values

Negative
values

0.00 0.00 0.00 �0.31 �0.16 �0.23 0.70 0.81 0.75 0.180 Negative, anterior; positive,
posterior

7.00 7.00 7.00 6.53 6.44 6.48 0.83 0.77 0.79 0.477
4.63 4.50 4.50 4.16 4.04 4.10 0.67 0.60 0.63 0.292
2.48 2.73 2.50 2.11 2.14 2.12 0.70 0.76 0.72 0.842
2.58 2.50 2.50 2.08 1.91 2.00 0.90 0.79 0.84 0.349
1.85 2.63 2.00 1.36 1.76 1.56 0.74 0.80 0.78 0.039c

3.40 2.60 3.00 2.78 2.41 2.60 0.87 0.33 0.66 0.116
0.00 0.00 0.00 0.10 �0.04 0.05 0.38 0.14 0.30 0.180 0.56 0.62 0.00 Negative, inferior; positive,

superior
2.00 2.40 2.00 1.77 1.73 1.71 0.45 0.54 0.49 0.765

a R, right; L, left; Eu, euryon; post mast, posterior aspect of the mastoid process; PMS and SqS meeting point, parietomastoid and squamous sutures meeting point; IPP, intraparietal point; postCS,
postcentral sulcus; IPS, intraparietal sulcus; ISJ, intermediary sulcus of Jensen (sulcus between the supramarginal and the angular gyri); PSyP, posterior sylvian point; OpCr, opisthocranion;
CaF, calcarine fissure; OccBa, occipital base. Measurements are in centimeters.
b Different total number due to inclusion of nonpaired specimen, as explained in the Patients and Methods section.
c Significant difference between the left and right sides.
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FIGURE 1. Sulci and gyri of the superolateral face of the brain and their
relationships with the cerebral structures and lateral ventricles. A and B,
main sulci and gyri of the superolateral face of the brain. The SFS and the
IFS sulci, respectively, separate the SFG, MFG, and IFG, with the latter
being constituted by the orbital (OrbP), triangular (TrP), and opercular
(OpP) parts. Within the SFG, there is usually a shallow sulcus called a
medial frontal sulcus (54) (not shown in the figure), and enclosed within
the MFG, there is frequently also a secondary intermediate sulcus (54), or
middle frontal sulcus (MFS). Similarly, the STS and the inferior temporal
sulci (ITS) divide the superior (STG), middle (MTG), and inferior (ITG)
temporal gyri, and the superior occipital sulcus (SOS) and inferior occipi-
tal sulcus (IOS) (50) divide the less defined superior (SOG), middle
(MOG), and inferior (IOG) occipital gyri. Approximately in the middle of
the superolateral surface of the brain, the precentral gyrus and the postCG
are obliquely disposed just above the sylvian fissure as a long ellipse exca-
vated by the usually continuous CS, being connected along the superior
end of the CS by the superior frontoparietal plis de passage of Broca, or
paracentral lobule, already in the mesial surface of the brain (not shown
in the figure) and connected below the CS by the inferior frontoparietal

plis de passage, also called rolandic operculum and subCG, which is ante-
riorly and posteriorly delimited by the small sylvian fissure branches’
anterior (ASCS) and posterior (PSCS) subcentral sulci. The precentral
gyrus is anteriorly bound by the precentral sulcus, which is usually inter-
rupted, particularly by a connection between the precentral gyrus and the
MFG. Inferiorly, the precentral sulcus ends inside the U-shaped IFS OpP.
The postcentral sulcus delimits the posterior aspect of the postCG. The
IPS divides the parietal lobe in the superior parietal lobule (SPL), which
is medially continuous with the precuneus gyrus (not shown in the fig-
ure) and in the inferior parietal lobule that is composed by the SMG and
the AG. Anteriorly, the usually curvilinear IPS is generally continuous
with the inferior half of the postcentral sulcus; posteriorly, it is generally
continuous with the SOS (84), which is also called the intraoccipital (19,
50) and transverse occipital sulcus (54). Whereas the SMG encloses the
distal end of the sylvian fissure, thus becoming inferiorly continuous with
the STG, the AG usually contains an inferior distal branch of the STS,
and both gyri are separated by a single or double sulcus (i.e., the ISJ)
(90), which can be an inferior perpendicular branch of the IPS and/or
constituted by the superior distal branch of the STS. C, precentral gyrus
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intraoperative MRI (4, 5, 92) and even about any forthcoming
neurosurgical instrument or imaging possibilities, such as the
recent magnetic resonance axonography (17, 36, 40, 61, 93), in
that the planning, practice, and evaluation of any surgical
procedure intrinsically require a proper anatomic knowledge
and can be particularly enhanced by its tridimensional under-
standing. Although extremely useful and more precise than
any method based on anatomic correlations, the navigation
systems are not available in many countries around the world
because of their cost, and the stereotactic systems are not
practical enough for daily use in usual cases.

Regarding the functional reliability of using anatomic sulcal
and gyral landmarks for microneurosurgical orientation, it is
necessary to consider that the studies of functional neuroimaging
and intraoperative cortical stimulation denote findings that, in
general, corroborate the expected relationships between elicited
functional responses and their respective eloquent anatomic
sites, just as these can be morphologically identified through
neuroimaging and, eventually, during surgery itself (2, 7, 8, 20,
23, 29, 45, 53, 62, 70, 72, 78, 86, 105). On the other hand, any
transoperative anatomic identification of any eloquent cortical
area, even when confirmed by a localizing imaging system, can-
not safely substitute for the aid of transoperative functional or
neurophysiological testing because of possible anatomic func-
tional variations and their possible displacements and/or in-
volvement by the underlying pathology (23, 53, 78, 86).

The Concept of Sulcal and Gyral Key Points and Their
Cranial–Cerebral Relationships

The microneurosurgical importance of the sulci and their
notorious difficulty to be identified during regular neurosur-
gical procedures justified the study of sulcal and gyral key
points and their cranial–cerebral topographical correlations to
aid their surgical identification. The essential microsurgical
sulcal and cortical key points to be studied were those consti-
tuted by the main sulci extremities and/or intersections, and
by the gyral sites that underlie particularly prominent cranial

points (Figs. 2 and 3). On the superolateral surface of the brain,
besides the CS, the precentral sulcus, the postcentral sulcus,
and the always evident sylvian fissure, the other main sulci
are the SFS, the IFS, the STS, and the IPS.

In addition to the CS extremities, the small distances that
were found in the present study between the SFS posterior
extremity and the precentral sulcus (0.69 � 0.56 cm) and
between the IFS posterior extremity and the precentral sulcus
(0.03 � 0.48 cm), as well as the usual continuity between the
IPS and the postcentral sulcus (83%), warrant these real or
virtual sulcal interconnections to be considered as distin-
guished sulcal key points for practical neurosurgical purposes.
Given their anatomic regularities and their surgical impor-
tance, the superior extremity of the POS that corresponds to
the medial extremity of the EOF, the posterior portion of the
STS, the SMG point that underlies the center of the parietal
prominence (euryon), and the distal end of the calcarine fis-
sure that underlies the occipital prominence (opisthocranion)
were also studied here as important sulcal and gyral key
points.

Together, these sulcal and gyral key points, with their cor-
responding cranial points, constitute a neurosurgical anatomic
framework that can be used to orient the placement of supra-
tentorial craniotomies and to ease the initial transoperative
identification of brain sulci and gyri.

Considering the previously mentioned difficulties in pro-
jecting a subcortical lesion seen on MRI images on the cranial
surface for planning a proper craniotomy, and as with the
navigation systems that localize any given point according to
its position relative to points with previously known coordi-
nates, with the aid of these key points, any intrinsic cerebral
lesion can be 1) initially understood regarding the structure
and/or the intracranial space that contains the lesion and 2)
have its external cranial projection estimated based on the
position of its most related cortical and sulcal key points and
their corresponding cranial points. In addition, to propitiate
the external projection of the lesion, its most related sulcal key

4
FIGURE 1. (Continued) and postCG, which constitute the central lobe
(96), are disposed as an inclined fan on the top of the thalamus (Th) and
relative to its related neural structures and spaces, whereas the inferior
aspect of the central lobe covers the posterior half of the insula (Ins),
constituting the rolandic operculum with the postCG disposed over the HeG.
Its superior aspect overlies the atrium (Atr) of the lateral ventricle (LatV).
D, axial view at the SLS level discloses that the Ins covers the basal ganglia,
the Th, and the internal capsule as a shield, with its anterior half being
particularly related to the head of the caudate nucleus (CaN) and its
posterior half to the Th, which, respectively, are related to the lateral ventricle
AH and to the body and Atr. Whereas the ALS points to the AH, the
posterior aspect of its SLS points to the Atr. The HeG divides the temporal
operculum in the oblique PoPl, which that actually covers the Ins, and in the
triangular and flat TePl, which, together with the HeG, point to the Atr.
Regarding the central lobe, as also implied in C, the PaCL is topographically
related with the Th and the ventricular Atr, and the postCG lies over the
HeG, with its posterior SMG resting over the TePl. AG, angular gyrus; AH,
anterior horn; ALS, anterior limiting sulcus of the insula; ASCS, anterior

subcentralsulcus; Atr, atrium of lateral ventricle; Bo/AHLatV, body and
anterior horn of lateral ventricle; CaF, calcarine fissure; CaN, caudade
nucleus; CC, corpus callosum; CiG, cingulate gyrus; CiMS, cingulate
sulcus marginal ramus; CiS, cingulate sulcus; CS, central sulcus; CU,
cuneus; HeG, Heschl gyrus; IFG, inferior frontal gyrus; IFS, inferior frontal
sulcus; IOG, inferior occipital gyrus; IOS, inferior occipital sulcus; Ins,
insula; IPS, intraparietal sulcus; ITG, inferior temporal gyrus; ITS, inferior
temporal sulcus; MFG, middle frontal gyrus; MFS, middle frontal sulcus;
MOG, middle occipital gyrus; MTG, middle temporal gyrus; OpP, oper-
cular part; OrbP, orbital part; PaCL, paracentral lobule; PaCS, paracentral
sulcus; PoPl, polar planum; PostCG, postcentral gyrus; PostCS, postcen-
tral sulcus; PreCG, precentral gyrus; PreCS, precentral sulcus; PreCu,
precuneus; PSCS, posterior subcentral sulcus; SFG, superior frontal gyrus;
SFS, superior frontal sulcus; SLS, superior limiting sulcus of the insula;
SMG, supramarginal gyrus; SOG, superior occipital gyrus; SOS, superior
occipital sulcus; SPL, superior parietal lobule; STG, superior temporal
gyrus; STS, superior temporal sulcus; SubCG, subcentral gyrus; SyF,
sylvian fissure; TePl, temporal planum; Th, thalamus; TrP, triangular part.
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points will also serve as natural references pertinent to the best
transsulcal or transgyral approach for the target lesion, thus
further contributing to the proper placement of the required
craniotomy.

According to our findings, the sulcal key points studied
here can be intraoperatively identified within an interval of up
to 2 cm relative to their related cranial points, aided by the fact
that the sulcal key points are usually visually characterized by
a certain degree of enlargement of the subarachnoid space
because they generally correspond to an intersection of two

sulci. The surgeon’s knowledge of the usual shape and most
frequent anatomic variations of the main brain sulci (54, 96)
helps to corroborate his or her identification of these sulci, and
their key points’ cisternal aspects can then enhance their char-
acterization as microsurgical dissection starting points and/or
as limiting surgical boundaries.

Considering the dimensions of the usual craniotomies and the
usual cortical exposures that can be further examined through
surgical microscopes, an interval range of up to 2 cm between the
sulcal key points and their related cranial points was considered

FIGURE 2. The skull and the cortical surface. A and B, adult skull
with its main sutures and most prominent points. C, their average dis-
tances and their relationships with the sulci and gyri of the brain.
Preauricular depression can be easily palpated over the posterior aspect
of the zygomatic arch just in front of the tragus, and the meeting point
of the parietomastoid suture and squamous suture can usually be pal-
pated as a depression along a vertical line originating at the posterior
aspect of the mastoid tip; this superior prolongation will lead to the
euryon area. Average measurements are from Table 2 and from Ribas
(66). Ast, asterion; Br, bregma; CoSut, coronal suture; Eu, euryon; In,
inion; La, �; LaSut, lambdoid suture; Na, nasion; OpCr, opisthocran-
ion; PaMaSut, parietomastoid suture; PreAuDepr, preauricular depres-
sion; Pt, pterion; SagSut, sagittal suture; SqSut, squamous suture; SyF,
sylvian fissure; St, Stephanion; STL, superior temporal line.
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acceptable for the surgical purposes of craniotomy placement
and the intraoperative visual identification of sulcal key points.
The rare statistically significant differences between the right and
the left sides were all pertinent to differences of measurements
far below this 2-cm margin of error.

Frontotemporal Key Points

Anterior Sylvian Point

The sylvian fissure is the most identifiable feature of the
superolateral face of the brain, and, since Yaşargil et al.’s (101)
original description of the microsurgical anatomy of the sub-
arachnoid cisterns in 1976, it has constituted the main micro-
neurosurgical corridor to the base of the brain (95, 96, 99, 100,
102). The sylvian fissure is divided into a proximal segment
(stem, sphenoidal, anterior ramus) and a distal segment (lat-
eral, posterior ramus) separated by the sylvian point (85, 102).
In the present study, the sylvian (98) point is designated as the
anterior sylvian point in opposition to the posterior distal
sylvian point that corresponds to the distal extremity of the
sylvian fissure posterior ramus and that originates the ascend-
ing terminal ramus and the occasional descending terminal
ramus (54).

The anterior sylvian point’s constant location and its cister-
nal aspect, which has already been exhibited in older illustra-
tions (39, 83) and in recent publications (19, 40, 54, 59, 64, 74,
75, 79, 82, 85, 95, 96, 102), suggest that the anterior sylvian
point could be used not only as a starting site to open the
sylvian fissure, but also as an initial landmark to intraopera-
tively identify other important neural and sulcal structures
that are usually hidden along the fissure by its arachnoidal
and vascular coverings; these features characterize the ante-
rior sylvian point as the prototype of a microneurosurgical
sulcal key point. Its usually evident morphological cisternal
aspect, which is attributable to an enlargement of the sylvian
fissure caused by the usual retraction of the IFG’s triangular
part in relation to the sylvian fissure, was seen in 94% of our
samples (Fig. 4).

Yaşargil et al. (103) emphasize that “the sylvian point is
located in the same plane of the IFG triangular part, and 10 to
15 mm anterior to the sylvian venous confluence constituted
by frontal and temporal tributaries veins” and advises “to
begin opening the fissure immediately anterior to this vein
confluence at a point where a temporal or frontal artery or
where both arteries appear at the surface of the fissure,” that
is, at the anterior sylvian point area.

Inferior Rolandic Point

The CS inferior extremity was found to be either just above
the sylvian fissure (83%) or inside the sylvian fissure (17%),
and its small distance from this fissure (average distance, 0.54
� 0.62 cm superior to the sylvian fissure, 90th percentile, 1.20
cm) justified the study of the real or virtual CS and sylvian
fissure intersection site as a single microsurgical key point, the
IRP (83) (Fig. 4).

The IRP has an obvious neurosurgical importance, and its
location along the sylvian fissure can be intraoperatively esti-
mated as being situated 2.36 � 0.50 cm posterior to the visu-
ally evident anterior sylvian point according to our findings.

Regarding its cranial relationships, our results show that the
IRP lies underneath the point of intersection of the squamous
suture with a vertical line originating in the preauricular de-
pression, which is situated immediately above the zygoma
and in front of the tragus, within an excellent vertical relation-
ship and horizontally with a slightly predominant posterior
distribution, within an interval below 2 cm (Table 4). This site
corresponded in all cases to the higher segment of the squa-
mous suture (average, 0.08 � 0.41 cm above the squamous
suture, 90th percentile, 0.46 cm; average, 0.06 � 1.01 cm pos-
terior to the squamous suture, 90th percentile, 1.16 cm), which
relates this higher squamous segment with the precentral
gyrus and postcentral gyrus (postCG) inferior connection
(subcentral gyrus, inferior Broca’s frontoparietal plis de pas-
sage. The knowledge of the average vertical height of this
segment of the squamous suture from the preauricular depres-
sion of 4 cm can help in estimating its external cranial position
(Table 4).

FIGURE 3. Microneurosurgical sulcal/cortical key points. The microneu-
rosurgical key points of the brain surface are constituted by real intersec-
tions between adjacent sulci or by their prolongations and by gyral and
sulcal points located underneath prominent skull points such as the
euryon (center of the parietal tuterosity) and the opisthocranion (most
prominent occipital point). Note that the sulci meeting points are usually
characterized by an enlargement of the subarachnoid space. Eu, euryon;
OpCr, opisthocranion; ASyP, anterior sylvian point; dCaF/OpCr, distal
calcarine fissure point, underneath the opisthocranion; EOF/POS, exter-
nal occipital fissure medial point, equivalent to the most superior point of
the parieto-occipital sulcus in the medial surface of the brain; IFS/PreCS,
inferior frontal sulcus and precentral sulcus meeting point; IPS/PostCS,
intraparietal sulcus and postcentral sulcus transitional or meeting point;
IRP, inferior Rolandic point; postSTS, superior temporal sulcus posterior
segment and extremity; SFS/PreCS, superior frontal sulcus and precen-
tral sulcus meeting point; SMG/EU, superior aspect of the supramarginal
gyrus disposed underneath the Euryon; SRP, superior Rolandic point.
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It is interesting to note that other authors also related the CS
inferior extremity with the same vertical line originating at the
preauricular depression, but none of them studied the rela-
tionship of the CS inferior extremity projection over the syl-
vian fissure with the squamous suture level. Poirier described
the lower extremity of the CS as being situated over a line

perpendicular to the zygomatic arch and located immediately
anterior to the tragus, 7 cm superior to the preauricular point
that frequently can be characterized as an evident small de-
pression just anterior to the tragus (84). In 1900, Taylor and
Haughton (83) described the inferior extremity of the CS as
being situated in the intersection of this same perpendicular

FIGURE 4. Frontotemporal key points. A, the frontal and temporal sulci and
gyri topography can be estimated through the identification of the anterior
sylvian point, IRP, and IFS/precentral sulcus. The anterior sylvian point is
characterized by enlargement of the sylvian fissure inferior to the triangular part
(Tr) and anterior to the opercular part (Op) of the IFG and serves particularly
as an appropriate starting point for the sylvian fissure opening. The IRP
corresponds to the CS inferior extremity projection onto the sylvian fissure and
is situated approximately 2 to 3 cm posterior to the anterior sylvian point. The
IFS/precentral sulcus indicates the height of the IFS Op and delineates the
anterior aspect of the precentral gyrus at the face motor activation area (57). B,
regarding their cranial–cerebral relationships, the anterior sylvian point is
located underneath the anterior squamous point, just posterior to the pterion.
The IRP is usually located underneath the highest superior squamous point,
which is indicated by a vertical dotted line originating at the preauricular
depression. The IFS/precentral sulcus is located underneath the St cranial area,
which corresponds to the site of intersection of the coronal suture with the

superior temporal line. C, the wide opening of the sylvian fissure discloses the
insular apex located at the anterior sylvian point coronal level, just posterior to
the ALS. Just posterior to the IRP, the opercular surface of the PostCG lies on
the HeG. D, The depth of the most superior aspect of the insular ALS is closely
related with the lateral ventricle AH. This part of the AH is constituted by a
ventricular recess located just anterior to the head of the caudate nucleus and is
separated from the ALS depth by the fibers of the internal capsule anterior limb.
AH, lateral ventricle anterior horn; ALS, anterior limiting sulcus of the insula;
Ap, apex of the insula; ASqP, anterior squamous suture point, over ASyP;
ASyP, anterior Sylvian point; CS, central sulcus; IFS, inferior frontal sulcus;
HeG, Heschl gyrus; IFS/PreCS, inferior frontal and precentral sulci meeting
point; IRP, inferior rolandic point; Op, inferior frontal gyrus opercular part;
Orb, inferior frontal gyrus orbital part; PostCG, postcentral gyrus; PreCG,
precentral gyrus; PreCS, precentral sulcus; SSqP, superior squamous point,
over IRP; St, Stephanion, over IFS/PreCS; SubCG,subcentral gyrus (pre- and
postcentral gyri inferior connection arm); Tr, inferior frontal gyrus triangular part.
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line with the so-called sylvian line, which these authors de-
fined as a line drawn from the junction of the third and fourth
0segments of the nasion–inion (In) curve to the orbitotemporal
angle. Championniere positioned the IRP 3.5 cm superior to
the posterior extremity of a 7-cm line parallel to the zygomatic
arch and initiated at the frontozygomatic point that corre-
sponds to the site of the frontozygomatic suture situated on
the lateral orbital rim (84). Recently, Rhoton (64) mentioned
that the IRP is located approximately 2.5 cm posterior to the
pterion on the sylvian fissure line, which corresponds to a line
drawn between the frontozygomatic point and the three-
quarter point of the nasion in distance.

The Inferior Frontal and Precentral Sulcus Meeting Point

The IFS can end in connection with the precentral sulcus or
very close to this sulcus (average distance: anterior, 0.03 � 0.48
cm, 90th percentile, 0.61 cm), and their connection point, or the
point of connection of an IFS prolongation line with the pre-
central sulcus when they don’t actually connect, designated
here as the IFS and precentral sulcus meeting point (IFS/
precentral sulcus), is a practical neurosurgical key point that 1)
delineates anteriorly the precentral gyrus at its inferior third
level, which corresponds to the face motor activation area (56,
57) and 2) indicates the posterior and superior limits of the IFG
opercular part (Fig. 4).

Evaluation of the IFS/precentral sulcus key point cranial
relationships indicates that this point lies underneath the coro-
nal suture and the superior temporal line meeting point,
which corresponds to the craniometric point stephanion (St)
(10) within a safe interval very much below 2 cm (St located
0.17 � 0.50 cm inferior to IFS: 90th percentile, 0.00 cm; and 0.34
� 0.71 cm anterior to precentral sulcus: 90th percentile, 0.68
cm). Its topographic relationship with the IFS had already
been showed by Broca (11) and Seeger (74), clearly relating the
inferior aspect of the coronal suture with the inferior aspect of
the precentral sulcus.

Frontotemporal Craniotomies

Frontotemporal exposures are currently based in the pte-
rional or frontotemporosphenoidal craniotomy described
by Yaşargil (95, 100) and probably constitute the most com-
monly used and systematized neurosurgical procedure.

Our findings pertinent to the frontotemporal sulcal key
points and their corresponding cranial sites can be of some
help in identifying the perisylvian sulci and convolutions in
preoperative radiological images, and intraoperatively in
placing proper craniotomies. Whereas these sulcal key
points can help in the radiological and intraoperative iden-
tification of the perisylvian sulci and gyri, their correspond-
ing cranial sites can aid in the proper placement of fronto-
temporal craniotomies, particularly regarding their
posterior extensions (Fig. 5).

With cortical exposure, the anterior sylvian point can
usually be easily recognized because of its cisternal aspect.
According to our findings, the IRP is located 2 to 3 cm

posterior to the anterior sylvian point, along the sylvian
fissure. Considering the average measurements between the
anterior sylvian point and the posterior sylvian point, the
IRP is situated along the middle third of the horizontal or
posterior sylvian fissure segment (54). Because the PostCG
opercular aspect lies over the Heschl gyrus (HeG) (91), the
IRP also indicates the position of the anterior margin of the
HeG along the sylvian fissure, and hence the limit between
the polar (PoPl) and the temporal planum (TePl) of the
temporal opercular surface.

Because the posterior segment of the IFS and the IFS/
precentral sulcus key point bound the superior limit of the
IFG opercular part (height from the sylvian fissure, 2.84 �
0.65 cm) and point to the face area of the precentral gyrus,
together with the anterior sylvian point and the IRP, they
can constitute important landmarks for intraoperatively es-
timating the core of Broca’s area in the dominant hemi-
sphere and for guiding restricted removals of the inferior
portion of the motor strip, which is safer in the nondomi-
nant hemisphere and occasionally necessary in vascular,
tumor, and epilepsy surgery (31).

Considering that the IRP indicates the position of the HeG,
removal of the superior and middle temporal gyri posterior to
the IRP in the dominant hemisphere enhances the risk of
permanent dysphasia (31, 63).

Superior Frontal and Central Key Points

The Superior Frontal and Precentral Sulci Meeting Point

Given its usual constancy, straightness, depth, and its
reliable relationship with the underlying ventricular frontal
horn, the SFS constitutes an important microneurosurgical
corridor (32). Its posterior extremity, which usually joins or
lies very close to the precentral sulcus (average distance,
posterior 0.69 � 0.56 cm; 90th percentile, 1.50 cm), is an
important key point that delineates anteriorly the precentral
gyrus at the level of its hand motor activation area (7, 105)
and limits posteriorly the SFS opening (Fig. 6).

The point that was designated in this study as the supe-
rior frontal and precentral sulci meeting point (SFS/
precentral sulcus) was found to be close to the midline
(average distance, 2.67 � 0.37 cm), at a similar distance
found by Harkey et al. (32) (mean, 27 mm; range, 22–35 mm
from the midline). Anterior to the SFS/precentral sulcus,
the SFS is systematically parallel to the IHF and is usually
characterized as a significant continuous segment (average,
5.74 � 2.62 cm).

Considering its relationships along its coronal plane
level, the SFS/precentral sulcus meeting point constitutes
an important microsurgical landmark for both the superior
frontal transsulcal and the interhemispheric transcallosal
approaches to the ventricular cavity because the SFS/
precentral sulcus key point was found in all cases to be
coronally related with the superior surface of the thalamus
and, thus, with the floor of the lateral ventricle body, just
behind the foramen of Monro.
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Analysis of our findings regarding the SFS/precentral
sulcus meeting point cranial relationships indicates that this
important frontal sulcal key point lies underneath the cra-

nial point located 3 cm lateral to the sagittal suture and 1 cm
posterior to the coronal suture, below the 2-cm accepted
error interval (distance from this cranial point to SFS: me-

dially 0.07 � 0.32 cm, 90th
percentile: 0.44 cm; to pre-
central sulcus anteriorly
0.76 � 0.79 cm, 90th percen-
tile: 0.00 cm).

These findings are in ac-
cordance with text books
and atlases (39, 59, 64, 65,
73, 74, 84, 104) and with the
previous studies (22, 30, 69,
105) that relate the coronal
suture with the precentral
sulcus in the brain surface
and with the foramen of
Monro along its coronal
level (1, 26, 44, 46, 59, 73, 76,
104).

It should be emphasized
that the SFS posterior ex-
tremity points to the pre-
central gyrus at the hand
motor activation area as
shown by Boiling et al. (7)
and Yousry et al. (105), re-
spectively, with positron
emission tomography and
functional magnetic reso-
nance imaging studies.
Yousry et al.’s (105) intraop-
erative direct motor map-
ping findings that the hand
motor area is located 30 to
45 mm (mean, 39 mm) from
the sagittal suture and 18 to
35 mm (mean, 27 mm) from
the coronal suture particu-
larly corroborate our sug-
gestion that the SFS/
precentral sulcus key point,
located 1 cm posterior to the
coronal suture and 3 cm lat-
eral to the sagittal suture,
should be considered the
posterior limit of the SFS
opening and of the frontal
interhemispheric retraction
for anterior transcallosal
approaches to the body and
to the anterior horn of the
lateral ventricle, still with a
safe margin of error.

FIGURE 5. Frontotemporal craniotomy for exposure of the suprasylvian operculum. A, sagittal MRI scan of a glioblastoma
multiform within the inferior aspect of the PostCG of a 75-year-old woman without focal deficits. B, coronal MRI scan showing
the tumor over the flat aspect of the distal sylvian fissure that corresponds to the temporal plane. C, patient in the lateral posi-
tion and intraoperative identification of the most superior aspect of the superior squamous point, which corresponds to the inter-
section site between the squamous suture and a vertical line originating at the preauricular depression and overlying the IRP.
D, exposure of the suprasylvian operculum through a frontotemporal craniotomy centered at the most superior segment of the
superior squamous point, and identification of the IRP, anterior sylvian point, and the IFS and precentral sulcus meeting point
(IFS/precentral sulcus), which enable estimation of the topography of their related sulci and gyri. E, surgical image and (F) CT
scan image after the PostCG glioblastoma multiform debulking. ASyP�, anterior sylvian point; IFS/PreCS�, inferior frontal
and precentral sulci meeting point; IRP�, inferior rolandic point; Op, inferior frontal gyrus opercular part; PreAuDep, preau-
ricular depression; PreCG, precentral gyrus; SqSut, squamous suture; SSqP, superior squamous point, over IRP; STS, superior
temporal sulcus; SyF, sylvian fissure; TePl, temporal planum; Tr, inferior frontal gyrus triangular part.
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Superior Rolandic Point

The CS superior extremity is located in the medial surface of
each cerebral hemisphere, and its projection on the cerebral
hemisphere superior margin, which corresponds approxi-

mately to the intersection of the CS with the IHF superior
margin, is referred to here by the usual term, SRP (83) (Fig. 6).

Analysis of the SRP cranial relationships corroborates the
position of the SRP as roughly 5 cm behind the bregma,

FIGURE 6. Superior frontal and central key points. A, the superior fron-
tal and precentral sulci meeting point (SFS/precentral sulcus) characterizes
an important sulcal key point that delineates the anterior aspect of the pre-
central gyrus at the hand motor activation area level (7), thus constituting
the posterior limit of the SFS microsurgical opening. B, the SFS/precentral
sulcus is located underneath the cranial site situated 1 cm posterior to the
coronal suture and 3 cm lateral to the sagittal suture (PCoP). These num-
bers correspond to safe measures because they still tend to dispose this cra-
nial site anterior to the actual SFS/precentral sulcus level. C and D,
whereas the coronal suture radial coronal plane is at the level of the fora-
men of Monro (FM), the SFS/precentral sulcus radial coronal plane is
related with the floor of the lateral ventricle body and thus with the superior
surface of the thalamus. E, the SRP corresponds to the CS and IHF intersec-
tion, and is located underneath the cranial site (F) 5 cm posterior to the
bregma. G, SFS transsulcal and the midline transcallosal approach done just
anterior to the SFS/precentral sulcus lead to the body of the ventricle. H, transcallosal approach done posterior to the SFS/precentral sulcus, thus retracting the
precentral gyrus, will be too posterior and lead to the subsplenial pineal region posterior to the junction of both fornices crura. Br, Bregma; CaN, caudade nucleus;
CoSut, coronal suture; CS, central sulcus; FM, foramen of Monro; PCoP, posterior coronal point, over SFS/PreCS; PreCG, precentral gyrus; Ro, rostrum of cal-
losum; SFS/PreCS, superior frontal and precentral sulci meeting point; SRP, superior Rolandic point; SSaP, superior sagital point, over SRP; Th, thalamus.
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with a predominant anterior distribution of up to 1 cm
relative to this point (Table 3). These findings are in accor-
dance with the classical studies of the 19th century. In his
original studies of cranial–encephalic topographic anatomy,
Broca investigated 11 adult male cadavers in 1861 and
described the SRP as situated in the midline between 40 and
56 mm posterior to the bregma, with an average value of 47
to 48 mm (10, 11). Championniere reported this distance as

5 cm, and around the same time, Poirier (84) described the
SRP as located 2 cm posterior to the nasioninian curvature
midpoint, as mentioned by Testut and Jacob (84), Passet (55)
found it to be 53.4 mm (range, 34–74 mm) posterior to the
bregma, Horsley (34) found it to be between 45 and 55 mm,
and more recently, Lang (43) found it to be 46.7 mm (range,
36–59 mm) and Ebeling et al. (22) found it to be 46 mm
(range, 36–57 mm).

Superior Frontal and Central
Craniotomies

The SFS and the precentral
sulcus meeting point (SFS/
precentral sulcus) is a reliable
key point to be related with
frontal and anterior ventricular
lesions and to orient and limit
transsulcal, transgyral, and in-
terhemispheric frontal ap-
proaches (Figs. 7-10).

In the cortical surface, the
SFS/precentral sulcus lies im-
mediately anterior to the hand
motor activation area (7, 105).
Regarding its deep relation-
ships, it is particularly related to
the floor of the lateral ventricle,
which is constituted by the su-
perior thalamic surface. Its cor-
respondent cranial site, which is
given by a 2-cm area around the
cranial point located 1 cm pos-
terior to the coronal suture and
3 cm lateral to the sagittal su-
ture, can be particularly useful
for the proper positioning of
craniotomies for frontal and an-
terior ventricular lesions, which
should then be predominantly
anterior to the coronal suture
for interhemispheric anterior
ventricular approaches, as al-
ready proposed by other au-
thors (1, 26, 44, 76, 99). Anterior
to the coronal suture, the inter-
hemispheric approaches also
have the benefit of dealing with
fewer bridging veins (64). For
interhemispheric anterior tran-
scallosal approaches, the frontal
mesial retraction up to the SFS/
precentral sulcus level avoids re-
traction of the paracentral lobule
and the callosal section posterior
to the paracentral lobule level,

FIGURE 7. Frontal craniotomy for superior frontal gyrus exposure and tumor removal. Pre-(A) and postoperative (B)
MRI scans pertinent to a right superior frontal gyrus glioblastoma multiform removal with preservation of the cingulate
and of the middle frontal gyri in a 49-year-old-male. C, right frontal craniotomy placement predominantly anterior to the
CoSut, with the patient in the supine position. The craniotomy extends only 2 cm posterior to the CoSut to be anterior
to the SFS and precentral sulcus meeting point (SFS/precentral sulcus), which lies underneath the cranial area located 2
cm behind the coronal suture and 3 cm lateral to the sagittal suture. D, exposure of the superior and middle frontal gyri
anterior to the SFS/precentralsulcus. E, opening of the deep SFS, which indicates no tumor infiltration of the middle
frontal gyrus. F, en bloc removal of the superior frontal gyrus with its enclosed glioblastoma, with preservation of the CiG
over the CC. CC, corpus callosum; CiG, cingulate gyrus; CoSut, coronal suture; MFG, middle frontal gyrus; PreCS,
precentral sulcus; SFG, superior frontal gyrus; SFS/PreCS, superior frontal and precentral sulci meeting point; SFS,
superior frontal sulcus.
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which can occasionally cause disconnection syndromes (6), and
which also carries the risk of leading into the quadrigeminal
cistern, posterior to the ventricular body (Fig. 6).

Frontal craniotomies for the mesial exposure of the anterior
aspects of the cingulate gyrus and the corpus callosum, in-
cluding the most common site of pericallosal aneurysms, may
require craniotomies with further anterior extensions.

Central craniotomies for the
exposure of the precentral and
postcentral gyri, the mesial
paracentral lobule, and the cin-
gulate gyrus and corpus callo-
sum parts that are inferior to the
paracentral lobule should be
based on the SFS/precentral sul-
cus key point and also on the
SRP, which lies underneath the
bony area located approxi-
mately 5 cm behind the bregma.
These craniotomies should be
predominantly posterior to the
coronal suture (Fig. 10).

Parietal Key Points

The Intraparietal and
Postcentral Sulcus Meeting
Point

The concept of IPS and its re-
lationships with the postcentral
sulcus vary in the literature; the
former is usually constituted by
a slightly oblique or longitudi-
nal parietal segment that curves
anteriorly, usually becoming
continuous with the more infe-
rior part of the postcentral sul-
cus (24, 80).

In the 19th century, Broca
described the IPS separately
from the inferior aspect of the
postcentral sulcus (11); more
recently, Duvernoy (19) con-
sidered the lower aspect of the
postcentral sulcus as the ante-
rior ascending segment of the
IPS, with the postcentral sulcus
itself being constituted only by
its more superior segment.
Ono et al. (54), studying the
brain sulci through a more mi-
crosurgically oriented point of
view, considered them sepa-
rately (as did Broca), with the
IPS being characterized by an
usually (almost parallel to the

IHF) continuous or interrupted sulcus separating the supe-
rior from the inferior parietal lobules. Whereas the superior
parietal lobule merges and is continuous with the precu-
neus in the mesial surface, the inferior parietal lobule is
composed by the SMG and AG, usually separated by the ISJ
(89), which can be an inferior branch of the IPS, a superior
distal branch of the STS, or both.

FIGURE 8. Frontal craniotomy for interhemispheric
anterior transcallosal approach and intraventricular
tumor removal. Pre-(A) and postoperative (B) MRI
scans of a 51-year-old man with a subependymoma
occupying the body and the anterior horn of the
right lateral ventricle. C and D, right frontal crani-
otomy extending only 3 cm posterior to the coronal
suture (CoSut) to permit the interhemispheric
retraction described below, with patient in the
supine position. E, exposure of the tumor in the ven-
tricular body after the opening of the corpus callo-
sum with the aid of interhemispheric retraction of
the frontal lobe done just anterior to the SFS and
precentral sulcus meeting point level (SFS/precentral
sulcus) (F), which corresponds to the level of the floor of the body of the ventricle given by the superior surface
of the thalamus (Th) as seen after the tumor removal. The foramen of Monro (FM) is at the coronal suture
level. CC, corpus callosum; CoSut, coronal suture; FM, foramen of Monro; preCS, precentral sulcus; SFS/
PreCS, superior frontal and precentral sulci meeting point; Th, thalamus; Tu, tumor.

MICRONEUROSURGICAL SULCAL KEY POINTS

NEUROSURGERY VOLUME 59 | OPERATIVE NEUROSURGERY 4 | OCTOBER 2006 | ONS-197



Anteriorly, the IPS is, thus, particularly related with the post-
central sulcus, and posteriorly it is usually continuous with the
intraoccipital sulcus (19, 50), which is also called the transverse
occipital sulcus (54, 96) and the superior occipital sulcus (84), and

which separates the more evident
superior from the middle occipi-
tal gyrus (50, 84). The lateral oc-
cipital sulcus (54, 96) or inferior
occipital sulcus (84) separates the
middle and the inferior occipital
gyri, and the lunate sulcus, when
present, lies anterior to the occip-
ital pole (54, 96).

According to previous studies
(24, 54, 80) and to our findings,
the IPS can be characterized
morphologically as continuous
(83%) or noncontinuous (17%)
with the postcentral sulcus, and
it can have a longitudinal (89%)
or a transverse (11%) disposal
relative to the IHF.

The point referred to in our
study as the IPS/postcentral
sulcus meeting point (IPS/
postcentral sulcus) corresponds
with the connection or transition
point between these two sulci,
or to the postcentral sulcus
point more particularly related
to the most anterior aspect of the
IPS level when these two sulci
are not continuous. The IPS/
postcentral sulcus constitutes an
important neurosurgical key
point because 1) it is an evident
point that delineates posteriorly
the postCG, 2) it can be used as
a safe starting point for the mi-
crosurgical opening of these
sulci, and 3) it has a deep rela-
tionship with the ventricular tri-
gone, as also shown by Harkey
et al. (32) (Fig. 11). Despite the
sulcal and gyral variability of
the parietal opercular region de-
scribed by Ebeling and Stein-
metz (24) and Steinmetz et al.
(80), these authors also con-
cluded that the junction be-
tween the postcentral sulcus
and the IPS is indeed a promi-
nent sulcal landmark for radio-
logical and surgical purposes
(24).

The IPS/postcentral sulcus key point is a midparietal point, and
our findings of its distance from the midline (mean distance from
the IHF, 3.96 � 0.67 cm) are similar to those obtained by Harkey
et al. (32) (mean, 42 mm; range, 35–50 mm).

FIGURE 9. Frontal craniotomy for interhemispheric
anterior transcallosal approach and caudate nucleus
tumor removal. Pre-(A) and postoperative (B) MRI
scans of a 38-year-old woman with a breast metasta-
sis at the left caudate nucleus head, which increased
despite radiosurgery treatment. C, patient in the
supine position and left frontal craniotomy with pos-
terior extension of only 3 cm posterior to the CoSut,
permitting an interhemispheric frontal retraction
just anterior to the SFS/precentral sulcus level (D),
which is related to the level of the lateral ventricle
floor given by the choroid plexus (ChPl) overlying
the superior surface of the thalamus as seen after the
corpus callosum opening. E, operative view of the
left anterior horn after changing the microscope angle view, with the head of the caudate nucleus (CaN) consti-
tuting its lateral wall, the column of the fornix (ColFo) delineating the anterior border of the foramen of Monro
(FM), and the callosum rostrum (Ro) as its floor. F, operative view after the removal of the caudate nucleus
head with its enclosed metastasis. CaN, caudade nucleus; ChPl, choroid plexus; ColFo, column of fornix;
CoSut, coronal suture; FM, foramen of Monro; Ro, rostrum of callosum; SFS/PreCS, superior frontal and pre-
central sulci meeting point.
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Analysis of the cranial relationships of the IPS/
postcentral sulcus key point shows that the cranial point
examined initially, 5 cm anterior to the lambdoid and 4 cm
lateral to the midline, was found to be too posterior to the
postcentral sulcus (1.31 � 0.67 cm; 90th percentile, 2.28 cm)
and slightly medial to the IPS (0.42 � 0.52 cm; 90th percen-
tile, 1.00 cm), requiring the correction of its positioning to
an interval of less than 2 cm from the IPS/postcentral
sulcus. Because advancement of the proposed cranial point

theoretically increases its medial distance from the IPS,
given the usual predominant anterior and inferior direction
of the IPS, its correction should be done in both directions.
Thus, the IPS/postcentral sulcus key point should then be
located underneath the cranial point 6 cm anterior to the �
and 5 cm lateral to the sagittal suture (Fig. 11).

Regarding its deep relationship with the ventricular cav-
ity, the IPS/postcentral sulcus meeting point that actually
corresponds to the point of the postcentral sulcus most
particularly related with the IPS anterior extremity level
was found to be particularly related with the ventricular
atrium along a 30- degree posteriorly oblique radial ap-
proach in 95% of the specimen.

The EOF Medial Point

The EOF (10, 11), which corresponds to the extension of the
medial POS into the brain convexity, was evident in this study as
a deep transversal sulcus on the medial side of the superolateral
face of each hemisphere (EOF average length, 3.95 � 0.64 cm). Its
most medial point (EOF/POS), which corresponds to the most
superior point of the POS, constitutes an useful surgical land-
mark because it defines the POS position and, thus, the posterior
aspect of the precuneus along the IHF (average distance between
the EOF/POS and the postcentral sulcus, equivalent to the lon-
gitudinal extension of the precuneus along the IHF: 3.95 � 0.64
cm) (Fig. 11).

As shown by Broca (11), the EOF and EOF/POS are very
closely related with the �. Our EOF/POS cranial relation-
ship findings show that this sulcal key point, which indi-
cates the POS emergence in the IHF, lies underneath each
paramedian area corresponding to the angle between the
sagittal and lambdoid suture (La/Sa) in each cranial side,
within an interval range of less than 2 cm (average distance
of EOF/POS to La/Sa: anterior, 0.23 � 0.39 cm; 90th per-
centile, 0.94 cm).

Euryon
Given its palpatory evidence, the craniometric point that

corresponds to the center of the parietal tuberosity (i.e., the
euryon) (9, 10, 59) was studied regarding its own characteris-
tics and its related cortical area (Fig. 11).

Regarding its own topography, the euryon was found to
be closely related to the superior temporal line (immedi-
ately superior to the superior temporal line, 91%; on the
superior temporal line, 9%), and with a vertical line that
passes through the posterior aspect of the mastoid tip and
through the squamous suture and parietomastoid suture
meeting point (parietomastoid suture/squamous suture)
(average distance of the euryon from this vertical line:
anteriorly, 0.23 � 0.75 cm; average vertical distance of the
euryon from the parietomastoid suture/squamous suture:
6.48 � 0.79 cm).

Relative to the cortical surface, the euryon was found, in
all cases, to be over the superior aspect of the SMG and,
more frequently, over its posterior half, and thus superior to

FIGURE 10. Central craniotomy
for precentral gyrus and postCG ex-
posure. Pre-(A) and postoperative (B)
MRI scans of a 27-year-old woman
with a high-grade glioma at the
postCG. C, incision and craniotomy
site with patient in lateral position and considering the position of the SRP 5 cm
posterior to the CoSut. D, cortical exposure and motor mapping for identification
of the precentral gyrus (1) and the postCG (2) harboring the tumor (Tu). E,
opening of the CS separating the Tu from the precentral gyrus. F, operative view
and motor stimulation after the tumor removal. CoSut, coronal suture; CS,
central sulcus; PreCG, precentral gyrus; SRP, superior Rolandic point; Tu,
tumor.
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the posterior sylvian point (average distance, 2.60 � 0.66
cm), posterior to the postcentral sulcus (average distance,
2.12 � 0.72 cm), lateral to the IPS (average distance, 2.00 �
0.84 cm), and anterior to the ISJ (89), which separates the
SMG from the AG (average distance, 1.56 � 0.78 cm).

In the dominant hemisphere, the cortical area underneath
the euryon is very much related with the parietal speech
zone, which, although relatively spread (53), has its core
located approximately 1 to 4 cm above the sylvian fissure
and 2 to 4 cm behind the postcentral sulcus (31, 63).

FIGURE 11. Parietal key points. A, the parietal sulci and gyri topography can
be estimated through the identification of the SRP that indicates the position of
the CS superior aspect; the IPS and postcentral sulcus meeting or transitional
point (IPS/postcentral sulcus), which should be identified as the postcentral
sulcus point most particularly related with the IPS anterior extremity level; the
SMG’s most prominent aspect; and the medial extremity of the external occipital
fissure (EOFm) that corresponds to the most superior extremity of the POS. B,
the SRP is located underneath the cranial area 5 cm posterior to the bregma
(superior sagittal point). The IPS/postcentral sulcus is located underneath the
cranial area located 6 cm anterior to the � and 5 cm lateral to the sagittal suture.
The SMG is located underneath the euryon that corresponds to the most
prominent point of the parietal tuberosity, roughly along a vertical line origi-
nating at the posterior aspect of the mastoid tip and passing through the
parietomastoid suture and squamous suture meeting point. The EOF/POS is
located underneath the cranial area that corresponds to the angle between the

lambdoid and the sagittal suture (La/Sa). C and D, the IPS/postcentral
sulcus key point enables the identification of the IPS and postcentral
sulcus and is radially particularly related with the atrium (Atr) at its
depth. It is important to stress that the IPS opening posterior to the
IPS/postcentral sulcus can enlarge the exposure of the ventricular Atr
but progressively runs away from this cavity; the key point for the Atr
approach is the IPS/postCG itself. Atr, atrium of lateral ventricle;
EOF/POS, external occipital fissure most medial point, equivalent to the
most superior point of the parieto-occipital sulcus; Eu, Euryon, over
SMG; IPP, intraparietal point, over IPS/PostCS; IPS/PostCS, intrapa-
rietal and poscentral sulci meeting point; La/Sa, angle between the
lambdoid and the sagital sutures, over EOFm; SMG, supramarginal
gyrus; Spl, splenium of corpus callosum; SPL, superior parietal lobule;
SRP, superior rolandic point; SSaP, superior sagital point, over SRP;
STS, superior temporal sulcus; SyF, sylvian fissure.
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Parietal Craniotomies

Parietal craniotomies should have, as their main landmarks,
1) the IPS and the postcentral sulcus transition point (IPS/
postcentral sulcus), which should be understood as the point
of the postcentral sulcus most particularly related to the ante-
rior extremity of the IPS, and which is located under the
cranial site 6 cm anterior to the lambdoid and 5 cm lateral to
the sagittal suture; 2) the EOF medial point (EOF/POS), which
corresponds to the emergence of the POS on the superior
aspect of the IHF, and which lies just anterior to the La; and 3)
the Eu, which corresponds to the center of the parietal tuber-
osity, and which is located over the SMG (Figs. 12–14).

The position of the � in adults can be estimated through its
distances from the other midline craniometric points (25.0 � 1 cm
posterior to the nasion; 13 � 1 cm posterior to the bregma; 3 � 1 cm
anterior to the opisthocranion) (Fig. 2). The close relationships that
were found between the euryon and the vertical line originating at
the mastoid tip posterior aspect and between the euryon and the
superior temporal line can, respectively, help its palpatory recogni-
tion and its intraoperative localization.

The exposure of the superior parietal lobule also requires
the knowledge that the SRP lies underneath the cranial point
located 5 cm posterior to the bregma; together, the SRP and
the EOF/POS define the extension of the postCG and the
precuneus along the midline.

The exposure of the inferior parietal lobule can be particu-
larly aided by exposure of the visually evident distal part of
the sylvian fissure because its identification corroborates the
identification of the basal aspect of the SMG and also because
of its connection with the superior temporal gyrus that encir-
cles the distal segment of the sylvian fissure (54, 64). For its

FIGURE 12. Parietal craniotomy for IPS exposure and dissection towards the
atrium. A and B, preoperative MRI scans of a 28-year-old man with a cavernoma
located below the depth of the most anterior part of the right IPS, just above the roof
of the right ventricular atrium, mostly at the base of the precuneus (preCu) and at
the CiG. C, incision (dotted lines) for a right parietal craniotomy, with patient in
semisitting position. Note the position of the IPS and postcentral sulcus sulci and
their meeting point (✭ ), which is situated underneath the cranial area located 6 cm
anterior to the � and 5 cm lateral to the sagittal suture, and of the medial point of the
EOF, which corresponds to the most superior point of the POS and which is located
underneath the cranial area of the angle between the lambdoid and the sagittal sutures
(La/Sa). D, exposure and opening of the most anterior aspect of the IPS, just posterior
to the postcentral sulcus, which radially leads towards the atrium and, in this case,
to the cavernoma. E, postoperative axial MRI scan indicating the transsulcal en-
trance through the IPS and postcentral sulcus meeting point area (IPS/postcentral
sulcus). Note the posteriorly located connection arm that interrupts the IPS and that
is evident both in the previous operative view and in this MRI image. F, postoperative
MRI sagittal images showing the operative track (dotted lines) originating at the
IPS/postcentral sulcus and radially oriented towards the atrium, located along the
most anterior aspect of the preCu, just posterior to the marginal ascending ramus of
the cingulate sulcus, which posteriorly delineates the PaCL. CC, corpus callosum;
CiG, cingulate gyrus; IPS/PostCS, intraparietal and poscentral sulci meeting point
(✭ ); IPS, intraparietal sulcus; La/Sa, angle between the lambdoid and the sagittal
sutures, over the external occipital fissure most medial point which is equivalent to
the most superior point of the parieto-occipital sulcus (EOF/POS); PaCL, paracen-
tral lobule; PostCS, postcentral sulcus; PreCu, precuneus.
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FIGURE 13. Parietal craniotomy for superior parietal lobule exposure and
precuneus tumor removal. A–C, preoperative MRI scans of a 51-year-old
woman with an anaplastic oligodendroglioma occupying the superior parietal
lobule and the precuneus (preCu), medial to the IPS and posterior to the
superior part of the postcentral sulcus. D, the parietal craniotomy site with the
patient in the semisitting position. Note the position of the EOF medial point
corresponding to the most superior point of the POS and situated underneath
the lambdoid and sagittal angle (La/Sa) and the IPS and postcentral sulcus
meeting point (IPS/postcentral sulcus) located underneath the cranial area 6
cm anterior to the � and 5 cm lateral to the SaSut. E, opening of the IPS. F,
opening of the EOF, corresponding to the posterior limit of the superior pari-
etal lobule. G, view of the operative cavity after removal of the superior pari-
etal lobule, medially contiguous with the precuneus and the enclosed tumor, and superior to the CiG that was preserved. H, view of the corpus callosum
with the retraction of the CiG. I and J, postoperative MRI images indicating the postoperative cavity that corresponds to the superior parietal lobule and
the contiguous precuneus that enclosed the tumor. CC, corpus callosum; CiG, cingulate gyrus; Cu, cuneus; EOF, external occipital fissure; IPS/PostCS,
intraparietal and postcentral sulci meeting point; IPS, intraparietal sulcus; La/Sa, angle between the lambdoid and the sagittal sutures, over the external
occipital fissure most medial point which is equivalent to the most superior point of the parieto-occipital sulcus (EOF/POS); LaSut, lambdoid suture; LiG,
lingual gyrus; PaCL, paracentral lobule; PostCS, postcentral sulcus; PreCu, precuneus; SaSut, sagittal suture.
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FIGURE 14. Parietal craniotomy for inferior parietal lobule exposure
andSMG tumor removal. A–C, preoperative MRI scans of a 42-year-old
woman with a low-grade glioma (Grade II astrocytoma) within the SMG of
the right inferior parietal lobule. The tumor lies lateral to the IPS, posterior to
the postcentral sulcus, and superior to the flat distal part of the sylvian fis-
sure that constitutes the temporal plane, and seems not to infiltrate the AG
that constitutes the posterior part of the inferior parietal lobule. D, incision
for right parietal craniotomy, with patient in lateral position. Note the posi-
tion of 1) the Eu, which constitutes the most prominent point of the parietal
tuberosity, is situated along a vertical line originated at the posterior aspect of
the mastoid tip, and overlies the SMG; 2) the IPS and postcentral sulcus
meeting point (IPS/PostCS) underneath the cranial area located 6 cm anterior
to the � and 5 cmlateral to the sagittal suture, which will lead to both of these
sulci that partially encircle the tumor; and 3) the IRP, which is located
underneath the cranial area located at the intersection of the squamous suture
with a vertical line originating at the preauricular depression, enabling the
exposure of the most posterior part of the sylvian fissure. E, operative expo-

sure of the SMG area, which harbors the tumor, with the bipolar forceps
indicating the connection arm between the SMG and the STG, and with an
SMG posterior sulcus already opened and filled with cottonoids, constituting
the ISJ, which separates the SMG from the AG. F, opening of the IPS. G,
operative view after the SMG with the enclosed tumor removal. The ISJ was
continuous with the posterior aspect of IPS, and the inferior part of the post-
central sulcus was dissected and opened as an anterior and inferior continu-
ous extension of the IPS. H to J, postoperative MRI images showing the
selective removal of the SMG inferior to the superior parietal lobule (SPL),
posterior to the postCG, and anterior to the AG. AG, angular gyrus; CS,
central sulcus; Eu, Euryon, over SMG; IPS/PostCS, intraparietal and post-
central sulci meeting point; IRP, inferior rolandic point; ISJ, intermediary
sulcus of Jensen, between SMG and AG; PostCG, postcentral gyrus;
PostCS, postcentral sulcus; PS, intraparietal sulcus; SMG, supramarginal
gyrus; SPL, superior parietal lobule; STG, superior temporal gyrus; STS,
superior temporal sulcus; SyF, sylvian fissure.
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exposure, it is helpful to consider our findings showing that
the posterior sylvian point lies 2 to 3 cm inferior to the Eu.

On the cortical surface, the most prominent point of the
SMG that lies underneath the euryon was found to be located
1.5 to 2.5 cm posterior to the postcentral sulcus and 1.5 to 2.5
cm lateral to the IPS.

Although more frequently interrupted (54), the IPS was found
to have an evident continuous segment (average length, 3.19 �
1.17 cm), which was usually longitudinal in relation to the IHF
(89%), and which delineates the superior aspect only of the SMG
(56%) and AG (44%). Both the IPS and its frequently continuous
postcentral sulcus are often covered by a cortical vein (64).

The depth of the IPS has been studied by Ebeling and Stein-
metz (24) (mean, 20 mm; range, 13–26 mm) and by Harkey et al.
(32) (mean, 24 mm; range, 20–27 mm) and has been shown to be
usually microneurosurgically significant.

For IPS transsulcal approaches to the ventricular cavity, it is
important to stress that its closest topographical relationship
with the atrium is given particularly by its most anterior part.
Because the intersection point of the IPS (or its anterior extension)
with the postcentral sulcus (IPS/postcentral sulcus) is coronally
posterior to the atrium and related to the splenium (at the level of
the splenium, 75%; posterior to the splenium, 25%; average dis-
tance from the splenium: posterior, 0.23 � 0.50 cm), the transsul-

FIGURE 15. Posterior temporal key point. A, the superior temporal sulcus
constitutes an appropriate microsurgical corridor to the ventricular infe-
rior horn (IH) and atrium (Atr), and its posterior segment before its
usual distal bifurcation (postSTS) is located posterior and inferior to the
distal aspect of the sylvian fissure. Thus, it is posterior to the insula, the
posterior limb of the internal capsule, and the thalamus. B, the postSTSlies
underneath the cranial area located 3 cm above the evident Sqs/Pa.

C and D, a radially oriented, anteriorly oriented approach through the opening
of the postSTS leads to the Atr. Atr, atrium of lateral ventricle; IH, inferior
horn; PaMaSut/SqSut, parietomastoid and squamous and parietomastoid su-
tures meeting point; postSTS, superior temporal sulcus posterior segment distal
extremity; SqS/PaMaSut, squamous sutures meeting point; Th, thalamus;
TPP, temporoparietal point.
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cal approach to the atrium from the IPS/postcentral sulcus was
shown to be possible only along a 30- to 45-degree posteriorly
oblique radial approach. The IPS opening posterior to the IPS/
postcentral sulcus key point enlarges its exposure but runs pro-
gressively away from the atrium.

Regarding possible surgical complications attributable to
parietal transsulcal and transgyral approaches, in the dom-
inant hemisphere language impairments can be related to
the damage of the SMG and AG that lie lateral to the IPS (31,
53, 63), and in the nondominant hemisphere the parietal

FIGURE 16. Posterior temporal craniotomy for exposure of the postSTS
and right inferior horn and atrium (Atr) tumor removal. A–C, preopera-
tive MRI scans of a 43-year-old woman with a right intraventricular der-
moid tumor occupying the inferior horn and the Atr, and extension to the
ambient cistern through an opened choroidal fissure. D, operative expo-
sure of the cranial surface, with patient in lateral position, indicating the
horizontal parietomastoid suture and the oblique posterior segment of the
squamous suture. The postSTS lies underneath the cranial area located 3
cm above the evident meeting point of both sutures. E, opening of the

postSTS. F, exposure of the very white dermoid tumor in the right infe-
rior horn. G, operative exposure after tumor removal, indicating the
empty right Atr and ambient cistern next to the cerebral peduncle (Pe)
shown through a widely opened choroidal fissure. H–J, postoperative MRI
scans indicating the operative track through the STS and right inferior
horn, Atr, and ambient cistern free of tumor. Atr, atrium of lateral ven-
tricle; PaMaSut, parietomastoid suture; Pe, cerebral peduncle; postSTS,
posterior segment of the superior temporal sulcus; SqSut, squamous
suture; Th, thalamus.
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damage can cause derangement of complex functions in-
volving somatic as well as psychic elements, which have as
a common feature a defective recognition of sensory im-
pressions (neglect, agnosias), and which are especially
marked in tasks that require appreciation of spatial rela-
tionships (13).

Posterior Temporal Key Point

The Superior Temporal Sulcus Posterior Portion and
Posterior Extremity

The superior temporal sulcus constitutes an important
microsurgical corridor to the entire inferior horn of the
lateral ventricle; through its posterior portion, the ventric-
ular atrium also can be approached (32). According to the
present findings, this posterior transtemporal approach can

be started through a STS pos-
terior segment that is located
posterior and inferior to the
posterior sylvian point, along
an approximately 45- degree
posterior inclined plane. The
postSTS studied here can be
characterized by a sulcal seg-
ment, which may (88%) be con-
tinuous or not continuous with
the more anterior aspect of the
STS, and which usually pre-
cedes a common STS distal bi-
furcation (Fig. 15).

The postSTS cranial relation-
ship findings indicate that the
STS posterior segment lies un-
derneath the cranial site lo-
cated 3 cm vertically above the
evident meeting point between
the parietomastoid suture and
the ascending squamous su-
ture posterior aspect (66),
within much less than 2 cm of
error (average distance, 0.01 �
0.37 cm inferior to the postSTS;
90th percentile, 0.24 cm). The
corresponding cranial point of
the postSTS was shown to be
located just below the poste-
rior aspect of the superior tem-
poral line in all cases.

This cranial point, which lies
over the postSTS, was also stud-
ied regarding its position rela-
tive to the posterior sylvian
point and was shown to be 2 to
3 cm posterior and inferior to
the sylvian fissure (average ver-
tical distance, 1.37 � 0.63 cm;

average horizontal distance, 2.00 � 0.82 cm; average direct
distance, 2.35 � 0.80 cm).

Posterior Temporal Craniotomies

Considering these findings, temporal posterior cranioto-
mies for posterior temporal and inferior parietal cortical
exposures and for approaches to the posterior aspect of the
inferior horn can be centered at the postSTS, which is situ-
ated underneath the cranial site localized 3 cm vertically
above the transition point between the horizontal parieto-
mastoid suture and the oblique posterior aspect of the
squamous suture (Fig. 16).

The concomitant exposure of the distal aspect of the sylvian
fissure, located 2 to 3 cm anterior and superior to this cranial
point, is helpful in identifying of the sulci and gyri of this region.

FIGURE 17. Occipital key points. A, the EOFm (cor-
responding to the most superior point of the POS)
and the most prominent aspect of the cuneus (Cu),
which lies just superior to the distal extremity of the
calcarine fissure (dCaF), constitute two important
occipital key points because they delimit the Cu along
the IHF. B, the EOFm lies underneath the cranial site
constituted by the angle between the lambdoid and the
sagittal sutures (La/Sa), and the dCaF is located
underneath the cranial area of the opisthocranion that
corresponds to the most prominent point of the occipi-
tal bossa. C,the opisthocranion and the calcarine fis-
sure (CaF) are roughly at the same level of the cingu-
late gyrus isthmus (Is) and the splenium (Spl). D, the removal of the Is and the base of the precuneus (preCu) permits
the lateral exposure of the atrium (Atr) from the occipital interhemispheric approach. Atr, atrium; CaF, calcarine fissure;
CiG, cingulate gyrus; CS, central sulcus; Cu, cuneus; dCaF, distal extremity of calcarine fissure; EOF/POS, external
occipital fissure most medial point, equivalent to the parieto-occipital sulcus most superior point; Is, isthmus of cingulate
gyrus; La/Sa, angle between the lambdoid and the sagital sutures, over EOFm; LiG, lingual gyrus; OpCr, Opisthocran-
ion, over distal calcarine fissure; PaCL, paracentral lobule; PHG, parahippocampal gyrus; POS, parieto-occipital sulcus;
PreCu, precuneus; Spl, splenium of corpus callosum; CiSMR, cingular sulcus marginal ramius.
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The basal aspect of posterior temporal craniotomies should be
immediately superior to the evident parietomastoid suture and
the squamous suture transition point mentioned above because
this point is related to the superior surfaces of the petrous bone
and to the tentorium petrosal attachment (66).

In addition to temporal horn
lesions, the postSTS approach is
also adequate for nondominant
ventricular atrial lesions that
extend inferiorly toward the in-
ferior horn and, eventually, to
the ambient and quadrigeminal
cisterns through the choroidal
fissure. Although optic radia-
tion fibers are damaged (21),
this approach, when limited,
usually does not cause signifi-
cant visual deficits (35).

Transcerebral posterior tem-
poral approaches should be
avoided in the dominant hemi-
sphere because of their possible
consequent language impair-
ments (53).

Occipital Key Point

Opisthocranion

The opisthocranion, the cranio-
metric point that corresponds
to the most prominent occipital
cranial point (10, 11, 59), was
evident in all studied specimen
(Fig. 17). Regarding its cortical
relationships, the opisthocran-
ion was shown to be related to
the superior aspect of the distal
and the calcarine fissure and,
thus, with the base of the
cuneus, within an error interval
significantly less than 2 cm
(Table 5). The distance of the
opisthocranion to the occipital
base of approximately 2 cm in-
dicates the height of the lingual
gyrus.

Occipital Craniotomies

Occipital craniotomies in-
tended to expose all the medial
aspects of the occipital lobe, and
particularly occipital cranioto-
mies for transtentorial ap-
proaches to the retrocallosal area
and the pineal region, which re-
quire the uplifting of the occipi-

tal pole from the oblique falcotentorium transition, can place
the opisthocranion as its center. This cranial point is located
over the cuneus and over the distal extremity of the calcarine
fissure, which should constitute the center of their cortical
exposures (Fig. 18).

FIGURE 18. Occipital craniotomy for cuneus (Cu) and lingual gyri (LiG) exposure and occipital tumor removal. A,
preoperative MRI scan of a 42-year-old woman with a glioblastoma multiform occupying the left Cu and the posterior part of
the LiG. B, operative cranial exposure, with the patient in the sitting position, indicating the lambdoid suture (LaSut), the
lambdoid and sagittal sutures angle (La/Sa) overlying the medial point of the EOF and corresponding to the most superior point
of the POS, and the opisthocranion, which corresponds to the most prominent point of the cranial occipital bossa and overlies
the most posterior aspect of the Cu and the distal extremity of the calcarine fissure. C, operative view of the occipital pole, limited
superiorly by the EOF. D, opening of the EOF, medially contiguous with the POS (EOF/POS). E, opening of the IOS, also
called transverse and superior occipital sulcus, which separates the superior occipital gyrus medially from the middle occipital
gyrus laterally. F, operative view after the removal of the occipital pole, constituted by the superior occipital gyrus and its
medially contiguous Cu and posterior part of the LiG. Note the calcarine fissure (CaF) above the remnant part of the LiG, with
the bipolar uplifting of the base of the precuneus within the empty space left by the Cu removal. G, postoperative MRI images
showing the above-mentioned removal. CaF, calcarine fissure; Cu, cuneus; EOF/POS, external occipital fissure contiguous
with parieto-occipital sulcus; EOF, external occipital fissure; IOS, interoccipital sulcus, also called superior and transverse
occipital sulcus; L, lambda, indicating the angle between the lambdoid and the sagittal sutures, over the external occipital fissure
medial point that is equivalent to the parieto-occipital sulcus most superior point (EOF/POS); LiG, lingual gyrus; O,
opisthocranion, most prominent occipital point; PreCu, precuneus.
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Along the midline, these craniotomies should then expose 1)
the POS superior extremity corresponding to the medial extrem-
ity of the EOF (EOF/POS) and located underneath the sagittal
and lambdoid sutures angle (La/Sa) and 2) the occipital base,
which is externally related to the external occipital prominence,
or In (9, 59), over the torcula, leaving the opisthocranion, with its
underlying cuneus prominence and distal extremity of the cal-
carine fissure at the center of the cranial and cortical exposures,
as already properly illustrated by Seeger (73) and McComb and
Apuzzo (47).

Considering the occasional difficulty of palpating the In and
estimating the position of the �, and considering the usual prom-
inence of the opisthocranion, it is interesting to consider that the
� was found to be 2 to 4 cm above the opisthocranion (average
distance, 3.00 � 0.93 cm) and that, according to our previous
finding, the In is located between 6 and 8 cm (average distance,
6.80 � 0.82 cm) inferior to the � (66) (Fig. 2).

Interhemispheric approaches through occipital craniotomies
done below the � usually have the advantage of dealing with
fewer bridging veins than in parietal craniotomies (64). It is
interesting to note that, along the occipital mesial surface, the
opisthocranion, the distal half of the calcarine fissure, the isthmus
of the cingulate gyrus, and the splenium are roughly at the same
level. Occasional significant cortical visual impairments pertinent
to these approaches are particularly related to damage to the
borders of the distal half of the calcarine fissure (13).

CONCLUSION

To perform sophisticated cerebral microneurosurgical pro-
cedures, precise knowledge and proper identification of the
brain sulci and gyri are mandatory in addition to fine micro-
surgical technique, and, obviously, neurosurgeons cannot be
rely only on technological tools. Concurrent with the sulci
anatomic variations, which are proportional to a genuine evo-
lutionary sulci hierarchy (71), some of the main sulci extrem-
ities and intersections and the sulcal and gyral sites related to
prominent cranial points have been shown to have signifi-
cantly constant neural and cranial topographic relationships.
Therefore, they can be considered reliable microneurosurgical
key points within an acceptable surgical range.

Together, these sulcal and gyral key points constitute a frame-
work that can help in the understanding of the head and brain
tridimensional anatomy and of brain lesions seen in neuroimag-
ing studies, in the positioning of craniotomies, in the sulci intra-
operative identification, and in the planning of transsulcal and
transgyral procedures. The use of these key points for reaching
deep intraventricular and periventricular lesions, and as landmarks
to orient the anatomic removal of gyral sectors containing infiltrative
tumors through transsulcal approaches is stressed and illustrated.
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et des diverses parties des hémisfères cérébraux. Bull Soc d’Anth 2:340, 1861.
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98. Yaşargil MG, Abdulrauf SI: Image-guided transsylvian, transinsular ap-

proach for insular cavernous angiomas. Neurosurgery 2003; 53:1299–1305
(comment).
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COMMENTS

Ribas et al. present an excellent study on the anatomy of cerebral
sulci and their correlation with surgically important cranial

points. They found consistent cranial-cerebral relationships that can

be used as landmarks for the placement of craniotomies, for the
transsulcal approaches to deep-seated lesions, and to orient the re-
moval of infiltrative tumors. The article is illustrated with practical
three-dimensional (3-D) images that clarify the relationships between
structures in different layers.

The concept of see-through x-ray-type knowledge of the supraten-
torial area is of paramount importance in neurosurgery. The location
of selected deep structures in relation to cranial and superficial cere-
bral landmarks has been examined elsewhere (1). In this article, the
authors validated, by means of statistical analyses, the utility of some
well-known cranial and cortical/sulcal landmarks, reintroduced use-
ful craniometric points such as the stephanion or the euryon, and
created new cranial points related to important cortical/sulcal points.
We had the opportunity to test in the laboratory the 10 sulcal key
points studied by Ribas et al., and we found, as the authors described,
the sulcal points were identified within an interval not bigger than 2
cm in relation to their correspondent cranial points. Because the
validation of the sulcal key points come from an anatomical study, it
would have been very interesting to know about the authors’ experi-
ence regarding modification of those cranial-cerebral relationships
caused by expansive tumors and their surrounding edema.

We agree with the authors that precise knowledge of microneuro-
surgical anatomy is the basis to navigate safely around and through
the cerebrum. Technological tools can provide important assistance,
but they will never replace such knowledge. In addition, the combi-
nation of 3-D anatomical expertise with intraoperative cortical and
subcortical stimulation, when indicated, is the best ally in performing
successful glioma surgery.

This article is highly recommended for residents and all neurosur-
geons. It will become an important reference on topographical neu-
roanatomy.

Albert L. Rhoton, Jr.
Juan Carlos Fernandez-Miranda
Gainesville, Florida

1. Rhoton AL Jr: The cerebrum. Neurosurgery 51 [Suppl 1]:S1-S51, 2002.

The authors review the topographic anatomy of the cranium, stress-
ing the relationships that the main cranial key points have with the

underlying cerebral superficial anatomy and with the main sulci in
particular. These relationships are of growing importance, as the
concept of minivasiveness is spreading throughout the neurosurgical
community. Mininvasive neurosurgery is often an abused term whose
use should be circumscribed to those procedure that are planned to
minimize brain damage, not only superficial layers damage. The
amplitude of the superficial layers opening should be decided only
after having planned the kind of cerebral exposure that is required to
get to the targeted pathology and not vice versa. This means that
surgical planning should start with the precise identification on the
neuroradiological images available in the navigation system of the
sulcus that can provide access to the lesion. The authors are providing
the neurosurgical community with a formidable mean to interact with
the working station and double check the intraoperative information
that the system of navigation is giving to the operating surgeon. In
addition, their study confirms what Yaşargil taught to all the neuro-
surgeons (i.e., that sulci and cisterns are to be followed to transform a
deep lesion into a superficial one). If the sulcus is widely and sharply
opened under strong magnification, any damage to the pial surface
and deep vessels can be avoided in most patients, and only this kind
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of technique should be called minivasive. The diameter of craniotomy
is, in our experience, calibrated on the preplanned length of sulcal
opening that is related to the depth of the targeted lesion. The deeper
the lesion, the longer the arachnoidal opening must be in order to
avoid undue traction on the pial surface of the sulcal lips. This allows
for minimizing and generally avoiding the use of retractors, keeping
in mind that gravity should be the favorite neurosurgical retractor. We
plan the skin incision last and very often a linear incision is sufficient.
This work can be done on the 3-D model of the neuronavigation
system (or on the two-dimensional radiological images, if image guid-
ance is unavailable) prior to working on the patient’s skin. The au-
thors studied cranial points that constitute the fundamental land-
marks for transferring the work that done in the workstation onto the
patient’s skin prior to registration. In our department, residents must
draw the incision before registration and then double check it by the
use of image guidance. I am sure that the number of times they will
have to change their initial drawing will dramatically decrease after
reading this article.

The authors have provided an instrument that can greatly help in
our daily surgical practice.

Giovanni Broggi
Paolo Ferroli
Milan, Italy

The authors have undertaken an exhaustive study of the key sulcal
and gyral anatomical landmarks. Although there have been many

previous studies of cortical mapping and detailed micro-
neuroanatomical publications, there has been little published on an-
atomical cranial-cerebral correlations. This study details both previous
data and adds significant new information.

Although modern neuronavigation systems have largely replaced
the time-honored cerebral-cranial localization methods used by neu-
rosurgeons, I would agree with the authors that it is essential when
training neurosurgeons, particularly those who have become reliant
on neuronavigation methods, to have a strong understanding of basic
neurosurgical anatomy, which includes knowledge of cranial-cerebral
relationships that are fundamental to neurosurgery. Such knowledge
considerably enhances the 3-D understanding of the complex cranial-
cerebral anatomy. It is essential not to become over-reliant on tech-
nology, as we have all experienced perioperative failures of naviga-
tion systems, and in such circumstances, have needed to revert to the
use of basic neuroanatomy. In addition, there are many countries
where neuronavigation systems are not readily available, and of
course, such data as presented here is invaluable in this situation.

It is necessary to interpret these anatomical studies in a clinical
situation where brain shift due to tumors and other pathologies could
result in a movement of the sulcal key points. However, this does not
diminish the importance of this basic neuroanatomical information.

The authors are to be commended for their excellent study, the details of
which should be understood by all practicing neurosurgeons.

Andrew H. Kaye
Parkville, Australia

Ribas et al. provide a tour de force in correlating surface cortical land-
marks to craniometric points. The goal of their study is not to return

us to the age of Broca, but to reinforce the familiarization that trainees in
neurosurgery must have in order to operate on the brain. Training must

emphasize the incorporation of the 3-D anatomic system within the
minds of residents and fellows to navigate through the brain.

Although navigation systems are a technological advance, we can-
not train our junior colleagues to rely solely on these systems to help
them find their way through the brain and to accomplish operative
goals. Navigation systems are a tool. However, if a fundamentally
greater understanding of anatomy is not acquired, surgery on the
brain becomes analogous to doing math on a calculator without
insight into the actual mathematical operations. In many parts of the
world that lack expensive technology for navigation or imaging, reli-
ance on the self-incorporated 3-D anatomic system correlated with a
detailed clinical examination is the only means by which surgery can
be performed confidently. Understanding anatomical fundamentals
affects our abilities to conduct neuroanatomical research and to assess
whether or not there are better ways to approach our targets.

Readers of this study may find themselves hearkening to the meth-
ods of brain operation navigation originally published by Broca (1, 2)
in 1876 and elaborated by Poirier (4), Reid and Mullingan (5), Taylor
and Houghton (8), and Rhoton (7). These procedures have guided
craniotomies for more than 100 years. Until computed tomography
was applied to the development of image-guided surgical systems,
these procedures were the only means to guide placement of incisions
(6). In fact, for most craniotomies, these methods held sway over the
stereotactic systems for decades, even when stereotactic systems
would have improved accuracy, especially to deep structures. The
primary impact of image-guided navigation systems has been to
reveal pathologies that distort the brain.

In 1892, Horsley (3) commented that a craniotopographic system that
could account for brain shift would be a remarkable advance for guiding
a craniotomy. Neurosurgery residents, like Broca and his student Cham-
ponniere, should develop a mental image of cortical surface locations and
even deeper structures that correlate to head positions. Planning craniot-
omies in this manner serves as an inner check on the navigation system,
provides a more satisfying educational outcome for each case, and may
improve surgical outcomes for patients.

Mark C. Preul
Robert F. Spetzler
Phoenix, Arizona
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