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-OBJECTIVE: The pterion is an H-shaped suture complex.
This study’s goal was to determine the location of its
external and internal surfaces and extension and empha-
size and discuss its surgical importance.

-METHODS: Fifty dried adult human skulls were obtained
from the Department of Anatomy. A 2-mm drill bit was
placed externally over the pterion, and the pterion was
drilled through the bone perpendicular to the skull’s
surface.

-RESULTS: The midpoint of the H shape in the pterion
area was not at the same level on the skull's external and
internal pterion surfaces. According to these measure-
ments, the external pterion lay above the internal pterion
when the skull was viewed externally. Furthermore, the
internal pterion was on average longer than the external
pterion. The internal and external pterions were schema-
tized such that the skull was viewed from the outside.
These areas were divided into 4 quadrants (anterior-su-
perior, anterior-inferior, posterior-superior, and posterior-
inferior) by a vertical and horizontal line. In 30 cases
(60%), sulci of the middle meningeal artery’s parietal
branches entered the posterior-superior quadrant on the
bone, whereas the artery’s frontal branches were located
in the anterior-superior and anterior-inferior quadrants, and
the Sylvian fissure’s origin was in the posterior-inferior
quadrant.

-CONCLUSIONS: By using a subdivision into 4 quadrants,
and considering our anatomic findings, we determined the
way surgical procedures can be performed more easily and
reliably. Even with modern localization technologies,
anatomic landmarks can be useful to the neurosurgeon.

INTRODUCTION

Accurate location of burr holes is important in neurosur-
gery. A safe surgical approach begins with a good
understanding of superficial anatomic landmarks, cra-

niometric points that are used in the preoperative calculations.
The surgeon relies on external landmarks, such as the pterion,
which is one of the landmarks in the neurosurgeon's armamen-
tarium used most commonly to perform an appropriate crani-
otomy. Pterional craniotomy (also referred to as a frontotemporal,
or frontotemporosphenoidal craniotomy) is one used most widely
in neurosurgical practice because it provides wide frontobasal
exposure while minimizing brain retraction. The pterional
approach allows the surgeon to access the middle cranial fossa,
the anterior cranial fossa, the suprasellar and parasellar structures,
and the circle of Willis.1-9 The pterion is an H-shaped suture
complex10 in which the parietal and sphenoid bones form the
midpoint of the H. Although the anterior limb of the H shape
forms sutures between the frontal, parietal, and sphenoid
bones, the posterior limb is composed of the sutures between
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Abbreviations and Acronyms
Pe: External pterion
Pea: Anterior of external pterion
Pep: Posterior of external pterion
Pi: Internal pterion
Pia: Anterior of internal pterion
Pip: Posterior of internal pterion
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the parietal, temporal, and sphenoid bones. Therefore, it is more
accurate to state that the pterion is an area between the frontal
bone, the squamous part of the temporal bone, the sphenoidal
bone’s greater wing, and the parietal bone’s sphenoidal angle.
We examined the middle part of this suture complex, which
consists of the parietal and sphenoid bones, to achieve this
study’s objective: to determine the location of this area outside
and inside the skull and emphasize and discuss its surgical
importance.

MATERIALS AND METHODS

Fifty dried adult human skulls were obtained from the Department
of Anatomy. A 2-mm drill bit was placed externally over the pte-
rion, and it was drilled through the bone perpendicular to the
skull surface. The skulls were horizontally divided into 2 parts over
the inferior temporal line as calvaria and cranial base. Then, the
drill hole’s position was determined on the inner surface, after
which the midpoint of the H-shaped suture was measured on the
skull’s external and internal surfaces. The front and back points of
this area also were determined internally and externally.
The midpoint of this H-shaped region is referred to as the in-

ternal pterion (Pi) and the anterior of internal pterion (Pia) and
posterior of internal pterion (Pip) points of the Pi were determined.
The anterior of external pterion (Pea) and posterior of external
pterion (Pep) points were determined on the external skull surface.
The external pterion's (Pe) anterior and posterior points were
drilled, their location on the skull’s internal surface was examined,
and the distances between Pi and Pe were measured.

RESULTS

The H-shape's midpoint was not at the same level on the skull’s
external and internal surfaces (Figure 1). Therefore, these areas’
distances from the inferior temporal line were measured on
both the skull’s external and internal surfaces based on both
pterion midpoints (Figure 2). The distance between the Pe and

the inferior temporal line was 14.50 � 2.04 mm on average,
whereas the distance between the Pi and the inferior temporal
line was 21.80 � 2.64 mm on average (Table 1). According to
these measurements, the Pe was approximately 6.3 mm superior
to the Pi when the skull was viewed externally.
The drill-placed Pep penetrated the middle meningeal artery’s

parietal branches in 30 of 50 cases (60%). In 12 cases (24%), the
grooves of these branches passed superior to the Pep, whereas in 8
cases (16%), they passed inferior to the Pep.
Comparing the distance between the anterior and posterior of

the midpoint of the H shape on the Pi and Pe, the distance between
the Pia and Pip was 10.84� 3.30 mm, whereas that between the Pea
and Pep was 8.88� 3.05 mm. Therefore, Pi was approximately 1.96
mm longer on average than Pe (Table 1, and Figures 3 and 4).
The posterior part of the Pi was located at the Sylvian fissure’s

origin between the frontal and temporal lobes. The Sylvian fissure

Figure 1. Coronal cross section of the right pterion. L, lateral; M, medial;
Pe, external pterion; Pi, internal pterion.

Figure 2. Right external and internal pterion on the skull as an illustration.
The distance between the midpoint of the external pterion and the inferior
temporal line is indicated as the red vertical line. The distance between the
midpoint of the internal pterion and the inferior temporal line is indicated
as the blue vertical line. Pea, anterior of the external pterion; Pep, posterior
of the external pterion; Pia, anterior of the internal pterion; Pip, posterior of
the internal pterion.

Table 1. Measurements of the Internal Pterion and External
Pterion

Measurement Mean � SD (mm) Range (mm)

Vertical distance between the
midpoint of the internal petrion
area and inferior temporal line

21.80 � 2.64 15.72e27.40

Vertical distance between the
midpoint of the external petrion
area and inferior temporal line

14.50 � 2.04 10.4e17.52

Distance between Pia and Pip 10.84 � 3.30 5.58e18.20

Distance between Pea and Pep 8.88 � 3.05 3.47e17.49

Pia, anterior of the internal pterion; Pip, posterior of the internal pterion; Pea, anterior of
the external pterion; Pep, posterior of the external pterion.
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separates the frontal and parietal lobes superiorly from the tem-
poral lobe inferiorly. Intracranially, the pterion is an important
landmark overlying both the middle meningeal artery’s frontal
branch and the Sylvian fissure. The middle meningeal artery’s
frontal branch was located in the anterior part of the Pi in 50% of
cases and in the superior part in 50% of cases.
The Pe and Pi areas are shown in Figures 5 and 6. These areas

are divided into 4 quadrants (anterior-superior, anterior-inferior,
posterior-superior, and posterior-inferior) by the vertical and
horizontal lines. In 30 cases (60%), the arterial sulci of the middle
meningeal artery’s parietal branches crossed the posterior-
superior quadrant on the bone, whereas the frontal branches
were located in the anterior-superior and anterior-inferior

quadrants, and the Sylvian fissure’s origin was in the posterior-
inferior quadrant.

DISCUSSION

The pterional approach has been the transcranial approach used
most commonly in neurosurgery because of its efficiency and fa-
miliarity to neurosurgeons. Frontotemporal approaches were
developed and used for most of the 20th century; however,
Yasargil et al.11 described and popularized the first modern
pterional approach in 1976. This technique involves approaching
the brain and the anterior skull base through the lateral aspect
by removing the frontal and temporal bones and greater
sphenoid wing.11 The key steps in pterional craniotomy are
drilling the sphenoid wing as far down as the superior orbital
fissure, with or without removing the anterior clinoid, and
opening the Sylvian fissure and basal cisterns. Tumoral and
vascular lesions that involve the sellar/parasellar area, anterior
and anterolateral circle of Willis, middle cerebral artery, anterior
brainstem, upper basilar artery, insula, basal ganglia, mesial
temporal region, anterior cranial fossa, orbit, and optic nerve are
within reaching through the pterional approach.5,12

In pterional craniotomies, bleeding usually results from the
sphenoid wing and middle meningeal artery when the bone flap is
lifted. The sphenoid bone’s lesser wing is drilled at the apex of the
superior orbital fissure up to the level of the meningo-orbital
(recurrent meningeal) artery, which provides wide exposure. Over
past decades, the procedure has undergone certain modifications,
including variable removal of the zygoma, sphenoidwing, and orbital
roof, or performing clinoidectomy. In 1996,Rhotonmade a comment
to the Day et al. study5 and emphasized that in frontotemporal
craniotomies, in addition to removing the sphenoid ridge, the roof
of the optic canal, and the lesser wing close to the orbital roof,
proximal control is maintained over a large area allowing access to
basilar apex aneurysms and not simply the anterior circulation. In
addition, he stated that the anterior temporal lobe's mobility could
be increased when necessary by removing the sphenoid wing's
greater wing and the squamous part of the temporal bone toward
the middle cranial fossa’s base.3,5

Combined approaches and small craniotomies have been
attempted to reduce complications during pterional and subtemporal
procedures. In 1993, Heros and Lee13 reported that the combined
approach reduces the risk of surgical complications. The
orbitozygomatic craniotomy is derived from the classic pterional
approach. Sakovich et al.14 reported the advantages of smaller
craniotomies used in pterional approaches to intracranial aneurysms.
Knowledge of superficial anatomy during surgical approaches is

important to surgeons’ concentration and determining and plan-
ning the surgical strategy.5,7,15,16 The pterion is among the most
important landmark in neurosurgery, and there are 2 clinically
significant reasons for its popularity. First, extradural hematomas
usually are caused by fractures of the bones that form the pterion.
Second, this region is a common keyhole for anterior and middle
cranial fossa surgeries. Both situations entail risks because they
are in the artery's groove in the internal aspect of the skull in
close proximity to the middle meningeal artery. The groove for
the middle meningeal artery is present on the frontal and parietal
bones. Therefore, many papers have discussed the relation

Figure 3. Anatomic position of the right external pterion. Pea, anterior of
the external pterion, Pep, posterior of the external pterion.

Figure 4. Anatomic position of the left internal pterion placed. The red
arrows indicate the drill holes. Pia, anterior of the internal pterion; Pip,
posterior of the internal pterion; Pi, internal pterion.
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between the pterion and middle meningeal artery.17,18 In the
Fujimoto et al. study,18 a bony canal for the middle meningeal
artery was observed in the parietal bone (34.9%) and sphenoid
bone (4.7%), at the intersection of the sphenoparietal suture and

coronal suture (38%), and in the sphenofrontal suture (14.2%),
coronal suture (6.3%), and sphenoparietal suture (1.5%). The
authors concluded that the bony canal was located around the
pterion. The Ma et al. study17 showed that the middle meningeal
artery’s frontal branch overlapped the pterion in 68% of 152 skulls
(76 dried skulls). In our study, when applied to the Pe’s posterior
aspect, the drill penetrated the middle meningeal artery’s parietal
branches in 60% of the cases. In 12 cases (24%), these branches'
grooves were over the Pe’s posterior point, whereas in 8 cases
(16%) they passed under its posterior point. The anterior part of
the Pi is the origin of the middle meningeal artery's frontal branch.
In our study, the Pe was 6.3 mm above the Pi areas when the

skull was viewed externally (Figure 5). The Sylvian fissure, which
begins at the Pi area’s posterior point, often is used in surgical
operations because by entering here, the lesser wing of the
sphenoid and anterior clinoid process can be reached.
Therefore, it provides a wide exposure for anterior circulation
and basilar apex aneurysms (Figure 5).
As a result, using all the data obtained in this study allowed us

to determine a way the surgical procedure can be performed more
easily and reliably. When the skull is viewed from the outside, the
Pi and Pe areas are divided into 4 quadrants, as shown in Figures 5
and 6. The posterior-inferior part is the Sylvian fissure’s origin and
the superficial middle cerebral vein is located here. Therefore, the
risks that can be associated with the superficial middle cerebral
vein’s bleeding should be considered. When the burr hole is
opened, the riskiest areas are the anterior-inferior, anterior-su-
perior, and posterior-superior parts. However, because of our
findings, the middle meningeal artery’s anterior and posterior
branches can be found in these areas, and pterional craniotomies
performed by considering these areas may reduce the risk of
further subdural hematomas. Finally, even with modern

Figure 5. Right external and internal pterion on the skull
is shown. These areas are divided into 4 quadrants:
anterior-superior, anterior-inferior, posterior-superior,
and posterior-inferior. Pea, anterior of the external

pterion; Pep, posterior of the external pterion; Pia,
anterior of the internal pterion; Pip, posterior of the
internal pterion.

Figure 6. Four quadrants in between the external and internal pterions. The
frontal and parietal branches of the middle meningeal artery and the
superficial middle cerebral vein are demonstrated in these quadrants. The
superficial middle cerebral vein is located on the Sylvian fissure. MMA,
middle meningeal artery; Pea, anterior of the external pterion; Pep,
posterior of the external pterion; Pia, anterior of the internal pterion; Pip,
posterior of the internal pterion.
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localization technologies, anatomic landmarks can be useful to the
neurosurgeon.
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