
SUMMARY

The superior aspect of the temporal lobe or
planum supratemporale (PS) forms the inferi-
or limit of the sylvian fissure. It is related to
the frontal, parietal and insular lobes, and
with the sylvian vessels (arteries and veins).
Recognition of the portions of PS in imaging
studies, such as MRI or cranial CT, is impor-
tant for neuroradiologists, neurologists and
neurosurgeons. We used 10 formalin-fixed
cerebral hemispheres. We injected red latex
into the arterial system in one. We made hor-
izontal, coronal and sagittal cuts in 7 hemi-
spheres, and performed white matter
dissection in two. We compared the anatomi-
cal specimens with MRI, cranial CT and cere-
bral angiographies. 

The PS can be divided into three portions
from front to back: the planum polare (PP),
Heschl’s gyrus (HG) and the planum tempo-
rale (PT). PP and PT are flat, and HG is ele-
vated. The obliquity of HG is oriented in such
a way that it delineates the location of the ven-
tricular atrium. The three parts of PS can be
readily identified in MRI, but a certain degree
of brain atrophy facilitates its identification in
CT. In cerebral angiography, the different seg-
ments of the middle cerebral artery serve as a

guide for recognizing the anatomical struc-
tures of the temporal lobe and insular region. 

Anatomical knowledge is of paramount
importance to recognize the different parts of
the PS in radiological studies. This anatomic-
image-based knowledge can be applied in sur-
gical planning. 

Key words: Temporal lobe – Heschl’s gyrus –
Trans-sylvian approach – Insular lobe 

INTRODUCTION

The temporal lobe is one of the most com-
plex parts of the brain. Because of its connec-
tions and its functional areas located in its
cortex it has been implicated in many func-
tions such as vision, language, hearing and
memory. It also participates in the three cir-
cuits of the limbic system (Fried, 1997). 

Since the ‘80s, MRI and functional MRI
images have been able to show the brain
anatomy of living humans in great details.
Accordingly, it is necessary that neurosur-
geons, neurologists and radiologists reaffirm
their knowledge of anatomy in general and the
functional anatomy of the brain in particular
(Binder, 1997). 
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Fig. 2. Superior aspect of temporal lobe, left hemisphere. 
In the center of the figure, there is an anatomical specimen showing the anatomy of the supratemporal planum (SP). At the left, a schemat-
ic figure of the three portions of the SP. At the right, an MRI image of the superior aspect of the right temporal lobe. PP: planum polare;
HG: Heschl’s gyrus; PT: planum temporale.

In addition, the temporal lobe, and in par-
ticular its superior aspect is in close relation-
ship with the sylvian fissure and sylvian
cistern. This important area of the subarach-
noidal space offers a surgical corridor to lesions
located in the middle cranial fossae and
interpeduncular region. Thus, it is very impor-
tant to recognize the different portions of the

superior aspect of the temporal lobe (also called
the planum supratemporale) in CT, MRI and
other imaging techniques. In the present arti-
cle, we performed an anatomic-image correla-
tion of the planum supratemporale.

MATERIAL AND METHODS

We used ten formalin-fixed cerebral hemi-
spheres of adult cadavers without neurological
pathology. We obtained sagittal, coronal or
horizontal sections in seven hemispheres, and
performed white matter dissection techniques
(Klingler’s technique) in two hemispheres and
red latex injection in the arterial system in one
hemisphere.

Then, we reviewed cranial CT, MRI and
cerebral angiographies of individuals with and
without pathology for an anatomic correla-
tion. The imaging studies were obtained from
patients of the Hospital de Clínicas (Universi-
dad de la República).

RESULTS

The superior aspect of the temporal lobe
(PS) is hidden by the sylvian fissure, and only
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Fig. 1. Lateral and superior aspect of the temporal lobe, right cerebral
hemisphere. In this anatomical specimen, the frontal and parietal oper-
cula were resected. In the center of the figure, Heschl’s gyrus (HG) can
be seen. In front of it are the auditory sulcus and the planum polare
(PP). In the posterior aspect of HG, the transverse temporal sulcus
(TTS) and the planum temporale (PT) can be observed. T1 and T2:
superior and middle temporal gyrus, respectively.



its lateral-most part is visible from a lateral
view of the intact brain (Fig. 1). If the sylvian
fissure is opened by anatomic or surgical dis-
section, it is possible to visualize the superior
aspect of the temporal lobe. Thus, in the sur-
gical setting, the surgeon faces the planum
supratemporale in all trans-sylvian approaches
(Campero et al., 2006; Nagata and Sasaki,
2005; Tanriover et al., 2004). On average, the
total length of the PS is 90 mm (Comair and
Tamraz, 2001).

From an anatomic point of view, the PS can
be divided into three sectors from front to
back (Fig. 2): the planum polare (PP), Hes-
chl’s gyrus (GH) and the planum temporale
(PT) (Rhoton, 2002a; Russell and Golfinos,
2003; Wen et al., 1999). The PS is seen to dis-
play a “wind surf sail” that can be divided into
an anterior triangular area (PP), an intermedi-
ate quadrangular area orientated anteriorly

and laterally (HG), and a posterior quadran-
gular area (PP) (Fig. 2).

Morphologically, PP and PT are flat, and
HG is elevated (Fig. 3a and 3b). Heschl’s
gyrus has two sulci at the front and at the
back: Holl’s sulcus and the transverse tempo-
ral sulcus, respectively. These sulci separate
HG from the PP and PT, respectively, but the
sulcus separating HG from PP is less clear
(Fig. 2) (Russell and Golfinos, 2003). 

Planum polare 

This is the most anterior part of PS, locat-
ed in front of Heschl’s gyrus and Holl’s sulcus.
The planum polare has a triangular shape and
because of the oblique disposition of HG, the
length of the PP is longer in its inner than in
its external part (Fig. 2, left). The planum
polare is flat, but its orientation is oblique and
curves from lateral to medial, rather than hor-
izontal (Fig. 4a and 4b) (Rhoton, 2002a).
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Fig. 3. Parasagittal sections of an anatomical specimen and an MRI. 3a) Right cerebral hemisphere, parasagittal section. In this anatomical
specimen note the morphology of the three parts of the supratemporal plane. STG: superior temporal gyrus; HG: Heschl’s gyrus; TTS: trans-
verse temporal sulcus; HS: Holl’s sulcus. 3b) Image correlation with an MRI. Long arrow: TTS; Short arrow: HS.

Fig. 4. Planum polare. 4a) Anterior view of an anatomical specimen, left cerebral hemisphere. After the arachnoid membrane had been resect-
ed, we observed the middle cerebral artery (MCA) and the curvature of the planum polare (line). IATL: inferior aspect of frontal lobe. 4b)
Image correlation with a coronal MRI. SF: sylvian fissure, sphenoidal part; PP: Planum polare.

3a 3b

4a 4b



The planum polare and the inferior aspect of
the frontal lobe form the sphenoidal part of the
sylvian fissure and cistern (or sylvian stem),
where the M1 portion of the middle cerebral
artery is located (Fig. 5a and 5b) (Rhoton,
2002b). The anterior-most part of the planum
polare forms the temporal tip, and is related to
the lesser wing of the sphenoid bone. 

The planum temporale has two parts: an
anterior “movable” and a posterior “fixed”
part. The limen insulae is the limit between
these two parts (Fig. 6). The posterior part of
PP is in close relation with the inferior insular
sulcus and the insula itself (Figs. 1 and 2).
When the limen insulae and the adjacent infe-
rior insular sulcus are dissected with white-
matter techniques, the uncinated fasciculus
connecting with the frontal and the temporal
lobes is seen (Fig. 7). 
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Fig. 6. Superior aspect of the temporal lobe, right hemisphere.
The temporal lobe is separated from the hemisphere by cutting the
inferior insular sulcus and the white matter of the temporal-occip-
ital lobe (line). The limen insulae (LI) separates the anterior from
the posterior parts of the planum temporale. The anterior part of
the line demarcates the inferior insular sulcus related to the PP.
The different extention of the PP in the inner (1) and lateral
aspects (2) can also be seen. HG: Heschl’s gyrus; PT: planum tem-
porale; mesial: mesial aspect of the temporal lobe; atrium: atrium
of the lateral ventricle.

Fig. 7. Anatomic specimen, right cerebral hemisphere, white
matter dissection. At the left, the uncinate fasciculus (UF) can be
seen, connecting the planum polare (PP) with the frontal lobe
(FL). At the right, the uncinate fasciculus is better seen. T1 and
T2: white matter of superior and middle temporal gyrus; STS:
white matter of the superior temporal sulcus.

Fig. 5. Arterial relationships of the supratemporal planum. 5a) Superior lateral view of a left cerebral hemisphere. Parts of the frontal and
temporal lobes, and superior and inferior aspects of the sylvian operculum were resected. The initial portion (M1) of the middle cerebral artery
is related to the planum polare and the inferior aspect of frontal lobe. The M2 segment is in close relationship with the posterior part of the
planum polare, insula, inferior insular sulcus and Heschl’s gyrus. M1 and M2 transition is marked by the “sylvian knee” (long arrow), locat-
ed at the level of the limen insulae. The M3 portion contains branches that crosses the superior aspect of the temporal lobe. The anterior-most
branches cross over the planum polare and the posterior-most branch (short arrow) crosses the planum temporale. OR: Orbital roof; ON: left
optic nerve; ICA: internal carotid artery; ACA: anterior cerebral artery.
5b) Cerebral angiography, frontal view. The different sectors of the middle cerebral artery can be identified in the cerebral angiography. The
M1 portion is related to the basal part of the sylvian cistern, the planum polare and basal surface of frontal lobe. The middle cerebral artery
knee (big arrow) marks the position of the limen insulae. M2 is related to the inferior insular sulcus, the insula itself, and the superior aspect
of the temporal lobe. The M3 segment is located in close relationship with the opercular surfaces of the frontal, temporal and parietal lobes.
The inferior-most branches of M3 segment are related to the planum polare and frontal lobe, and the posterior-most ones with the planum
temporale. The transition between M2 and M3 (small arrow) marks the superior insular sulcus. M4 are cortical branches radiating from the
sylvian fissure to the temporal (inferior) or frontal and parietal lobes (superior). ICA: internal carotid artery; ACA: anterior cerebral artery. 
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Transverse temporal gyrus or Heschl’s gyrus 
This is located at the back of the planum

polare, and is separated from it by Holl’s lim-
iting sulcus. When this sulcus reaches the lat-

eral aspect of the temporal lobe is called audi-
tory sulcus, and here this sulcus is more
prominent (Comair and Tamraz, 2001; Rus-
sell and Golfinos, 2003). 

Heschl’s gyrus is oblique from medial to
lateral and from back to front, and the direc-
tion of HG can be used as a guide to the ven-
tricular atrium (Fig. 8, right). The inferior
insular sulcus corresponds to the temporal
stem and in this area of the temporal stem the
optic radiation is located (Fig. 9). 

We found two cases with double HG: one
at the right and another at the left (Fig. 10).
HG can be easily recognized in horizontal sec-
tions of the brain, but may also be recognized
in coronal and parasagittal sections because of
its oblique and elevated morphology (Figs. 3
and 11).

Planum temporal 
This is the posterior-most part of the

planum supratemporale, and it is located at
the back of HG. Its anatomical limits are: on
the medial side, the inferior insular sulcus; on
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Fig. 9. White matter dissection of the temporal stem, right cere-
bral hemisphere. In the anterior part of the temporal stem, the
uncinate fasciculus (UF) is located, connecting the planum polare
(PP) with the frontal lobe (FL). In the posterior part of the tempo-
ral stem, the optic radiation is located, in close relationship with
the occipital horn and atrium of the ventricular system. CC: cor-
pus callosum; LN: lenticular o ventricular nucleus; T: thalamus. 

Fig. 8. Heschl’s gyrus. At the center, Heschl’s gyrus is seen in a CT. At the left, the white matter of Heschl’s gyrus is well visible (arrow) in
a patient with white matter oedema. At the right, white matter of planum polare (PP), Heschl’s gyrus (HG) and planum temporale (PT).



Fig. 11. Heschl’s gyrus in coronal sections of brain and MRI image. HG: Heschl’s gyrus; SF: sylvian fissure.
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Fig. 10. Double Heschl’s gyrus. At the left, there is an anatomical specimen with a double Heschl’s gyrus, at the right, the MRI correlation.



the lateral side, the union of the lateral and
superior aspects of temporal lobe; its anterior
limit is the transverse temporal sulcus and the
posterior limit is the prolongation to the mid-
line of the end of sylvian fissure (Moffat et al.,
1998; Ratnanather et al., 2003).

The planum temporale (PT) is flat and hor-
izontal, but has a small sulcus and gyrus. The
planum temporale can be recognized in coro-
nal and sagittal sections by its horizontal dis-
position (Figs. 3 and 12). Figure 13 shows a
CT reconstruction of the temporal lobe with
its parts.

DISCUSSION

Most anatomical articles have dealt with
the mesial aspect of the temporal lobe ever
since its importance in epilepsy surgery was
noted (Wen et al., 1999). However, the
planum supratemporale is also important
because it forms the limits of the sylvian fis-
sure and the sylvian cistern, whose contents
are the sylvian artery and the sylvian veins

(superficial and deep). The sylvian fissure is a
very important landmark in the lateral aspect
of the cerebral hemispheres and is the route for
trans-sylvian approaches. This kind of
approach is used in: 1) cerebro-vascular sur-
gery of the anterior circle of Willis, 2) some
aneurysms of the posterior part of the circle of
Willis, 3) lesions located in the cavernous
sinus, 4) some lesions in the mesial aspect of
the temporal lobe, 5) tumor lesions located in
the hypophysis gland or the supraselar area, 6)
hematomas or tumors of the insula, the exter-
nal basal ganglia area and ventricular atrium
(Campero et al., 2006; Nagata and Sasaki,
2005). 

All parts of the PS can be seen with imag-
ing studies, such as MRI or cranial CT. In
MRI images, all the structures are better seen
than in CT, and some degree of cerebral atro-
phy is needed to clearly see these structures in
CT images. In cerebral arteriography, these
structures can be seen “indirectly” from the
relationships that they develop with branches
of middle cerebral artery (Fig. 5b). 
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Fig. 12. Planum temporale in an anatomical specimen and in coronal section (MRI). PT: planum temporale.



Planum polare 

This is the anterior-most part of the planum
supratemporal, and functionally it forms the
lateral basal circuit of the limbic system with
the basal and internal frontal lobe. 

The anterior part of the planum polare,
located anterior to the limen insulae, can be
retracted with a brain spatula with relatively
little damage to insular structures if an appro-
priate arachnoid dissection is performed. How-
ever, in the posterior part of the PP the surgeon
must be very careful to not exert too much
pressure on the inner aspect of the planum
polare, where it is fixed to the insula by the
inferior insular sulcus. The inferior insular sul-
cus is the anatomical landmark to the tempo-
ral stem, where we found the arcuate and
temporo-pontine fasciculus, and in the most
posterior part, the geniculocalcarine fasciculus. 

Heschl’s gyrus 

The transverse temporal gyrus, or Heschl’s
gyrus, is recognized because of its oblique

direction. Functionally, Heschl’s gyrus is the
primary auditive area and has a tono-topic
organization (Carpentier et al., 2002; Roper
and Rhoton, 1997). It also has a right-left spe-
cialization, with the right HG being special-
ized in spatial discrimination (music) and the
left in temporal discrimination (speech) (Rus-
sell and Golfinos, 2003). Some studies show
that the left HG is larger than the right one
(Leonard et al., 2001). Epileptic discharges
from Heschl’s gyrus produce auditory halluci-
nations (Zeman, 2005).

Generally, it is simple, but in 15% of indi-
viduals it can be double. Such a condition is
more frequent on the right side (Carpentier et
al., 2002) (Fig. 8). Some pathological entities
such as dyslexia or attention deficit have been
associated with a high incidence of peri-syl-
vian cortex anomalies and, specifically, a dou-
ble Heschl’s gyrus. This condition is more
frequent on the left in these patients (Leonard
et al., 2001). 
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Fig. 13. 3D CT reconstruction. A: 3D reconstruction of the temporal region; B: Parasagittal section showing the planum polare (PP), Hes-
chl’s gyrus (HG) and the planum temporale (PT). C-F: coronal sections from the front to the back showing the different parts of the planum
supratemporale.



In the surgical setting, HG can be used as
a guide to the ventricular system; specifically
to the ventricular atrium (Nagata and Sasaki,
2005). 

If the sylvian fissure is opened and the HG
is recognized, its direction can serve as a guide
to the ventricular atrium, which is located 10
to 15 mm from the insular cortex. The total
length of HG is 35 to 40 mm, so the distance
between the lips of the sylvian fissure and the
ventricular atrium is 45 to 55 mm (Tanriover
et al., 2004). 

However, in this area, at the level of the
temporal stem, the retrolenticular portion of
the internal capsule is located, with the possi-
bility of damaging the geniculocalcarine fasci-
culus. Nagata y Sasaki (2005) stated that if
insular corticectomy is made above the inferi-
or insular sulcus, damage to the optic radia-
tion can be prevented. 

Planum temporale 

Functionally, the left planum temporale
(PT) is involved in language, and some stud-
ies using software to calculate the area of the
PT, have shown that the extention of the left
PT is larger than the right one (Habib and
Robichon, 1999; Moffatt et al., 1998).

In cerebral angiography, the posterior-most
branch of the sylvian artery (M3 segment) can
serve as a guide to recognize the planum tem-
porale. In the lateral projection, it corresponds
to the posterior sylvian point (Moran et al.,
1997; Osborn, 1999).

Although most of this portion of the
supratemporal planum is flat, it has small
sulci and gyri that increase its surface area
(Ratnanather, 2003). The spatial orientation
of the PT is horizontal (Fig. 10). 

Within the sylvian fissure, the planum
polare, Heschl’s gyrus and the planum tempo-
rale are related to the middle cerebral artery
and its branches. Therefore, upon analyzing a
brain arteriography and considering the mor-
phology of the artery, it is possible to indirect-
ly recognize different parts of the temporal
lobe (Moran et al., 1997; Osborn, 1999).

For instance, the curved interval between
the M1 and M2 segments of the artery runs
parallel to the limen insulae. At the sylvian
fissure, the course of the major trunks of the
MCA marks the inferior insular sulcus while
its anterior branches demarcate the anterior
insular sulcus. The place at which the posteri-
or-most branches of the MCA change their

course towards the cortex is called “the sylvian
point”. 

The posterior-most portion of the planum
temporale is identified by the course of the
posterior-most branch of the MCA. In con-
trast, the horizontal course of the MCA
branches (M3 segment) demarcates the fronto-
parietal and temporal slopes of the Sylvian
operculum. These anatomical and angiograph-
ical landmarks allow the construction of the
sylvian triangle which draws the insular lim-
its in angiographical studies (Fig. 11).

We can conclude that Anatomy is the basis
for an adequate recognition of the different
parts of the planum supratemporale. In the
present article, the authors correlate the nor-
mal anatomy of the planum supratemporale
with imaging studies, such as MRI, CT, and
cerebral angiography.
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