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The subparietal and parietooccipital sulci are both located on the medial
surface of the brain. Both of these sulci reveal significant variability in pattern
and complexity. Both subparietal and parietooccipital sulci play an important
role as surgical landmarks using posterior interhemispheric parietooccipital
approach to lesions located adjacent to the ventricular trigon deep to the
cingulate gyrus. The aim of this study is to analyze variations in the patterns of
the subparietal and parietooccipital sulci and to emphasize their surgical impor-
tance. Fifty-six formalin-fixed cadaveric cerebral hemispheres from 28 adult
humans are examined. Subparietal and parietal sulci patterns, variations and
their relationship with the cingulate sulcus are studied according to the termi-
nology introduced by Ono et al. The H-pattern was observed in 50% (n 5 28)
of all hemispheres, being the most common pattern of the subparietal sulcus.
The Straight pattern was observed in the 30.4% (n 5 17) of all hemispheres,
being the most common pattern of the parietooccipital sulcus. Furthermore,
more detailed results among the patterns, connections, side branches and the
relationship with the adjacent sulci are given. Our study further confirms the
complexities in the patterns of the subparietal and parietooccipital sulci and
demonstrates that these sulci fall within an expected range of variations. Better
knowledge of these variations will further help neurosurgeons to navigate
easily during approaches involving the medial surface of the parietal lobe.
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INTRODUCTION

Following the development of microneurosurgical
techniques and the transcisternal, transfissural, and
transsulcal approaches, sulci have become the main
surface landmarks and possible corridors for approach
to deeply seated brain lesions (Yasargil et al., 1976;
Harkey et al., 1989; Pia, 1986; Yasargil, 1984, 1988,
1994, 1996; Ribas et al., 2006; Nishikuni and Ribas,
2013). Consequently, neurosurgeons must have suffi-
cient knowledge of the sulcal anatomy and their varia-
tions to allow for a safe neurosurgical approach while
conserving the normal function. Sulcal patterns of the
human brain have been widely studied and their

complexity, variability and asymmetry between the
left and right hemispheres have been well docu-
mented (Eberstaller, 1884; Retzius, 1896; Ono et al.,
1990; Paus et al., 1996).
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The subparietal sulcus (SS) and parietooccipital sul-
cus (PS) are both located on the medial surface of the
brain. The SS follows the original course of the cingu-
late sulcus posteriorly from where the marginal ramus
of the cingulate sulcus bends superiorly. It also sepa-
rates the precuneus superiorly from the posterior seg-
ment of the cingulate gyrus (Williams and Warnick,
1986). The human SS displays significant variability in
shape and complexity (Ono et al., 1990).

The PS courses inferiorly from the vertex to merge
with the calcarine sulcus, just posterior to the sple-
nium of the corpus callosum. It comprises the bound-
ary between the precuneus and the cuneus, as well as
the boundary between the parietal lobe and the occi-
pital lobe (Williams and Warnick, 1986).

Neurosurgical approaches to lesions located adja-
cent to the ventricular trigon deep to cingulate gyrus
are challenging. The posterior interhemispheric parie-
tooccipital approach was first described by Yaşargil
(Yasargil, 1996; Yasargil and Abdulrauf, 2008; Wang
et al., 2010). With this approach, potential injury to
the optic radiation and the visual cortex is avoided.
Thus, as a surgical landmark on the medial surface of
the brain, the knowledge of the anatomic variations of
the SS and PS is paramount to a careful surgical plan.

In this study, the patterns and variations of the SS
and PS and their branches are evaluated using the
previously described landmarks and terminologies
(Ono et al., 1990). The aim of this study is to analyze
variations in the patterns of the SS and PS, and to
emphasize the surgical importance of these sulci dur-
ing the interhemispheric approaches to the ventricular
trigon and the cingulate gyrus.

MATERIALS AND METHODS

Fifty-six formalin-fixed cadaveric cerebral hemi-
spheres from 28 adult humans are examined. All

brains are from subjects with no known neurologi-
cal or psychiatric history. The brains are removed
from the skull and suspended in 10% buffered for-
malin for at least 4 weeks of immersion fixation.
Following fixation, the cerebellum and brainstem
are separated from the rest of the brain and the
cerebral hemispheres separated by cutting the cor-
pus callosum through the median plane. The arach-
noid and cerebral vessels are carefully peeled off
to expose the sulci on the medial surface of each
hemisphere. Each specimen is photographed at a
distance of 50 cm using a Nikon D5000 high-
resolution digital camera (Nikon Co., Tokyo, Japan).
The cingulate sulcus, its marginal branch, SS, and
PS are traced on digital images using Adobe Photo-
shop CS5 (Adobe Systems Incorporated, San Jose,
CA).

The main focus of this study is the SS, PS and their
relationship with the cingulate sulcus. In order to
maintain uniformity, we employed the terminology
introduced by Ono et al. (1990), and observations
were made in each hemisphere.

RESULTS

The SS was present as a short main-sulcus com-
posed of several branches, whereas the PS was an
uninterrupted large main sulcus in 100% of the hemi-
spheres examined.

SS Patterns

H-pattern. The H-pattern was observed in 50%
(Figs. 1a and 2a) (n 5 28) of all hemispheres, being
the most common pattern of the SS. Twelve (42.9%)
left hemispheres showed the H-pattern, whereas 16
(57.1%) H-patterns were identified in the right
hemispheres.

Fig. 1. (a) Bar-graph showing the percentages of the
subparietal sulcus patterns. (A: H-pattern; B: split-H pat-
tern; C: Oblique pattern; D: single upward branch pat-
tern; E: triple upward branch pattern; F: double
horizontal sulci pattern; ?:unidentified pattern.). L: left
hemispheres; R: right hemispheres. (b) Bar-graph show-
ing the percentages of the parietooccipital sulcus

patterns. (A: straight; B: T- or Y-shape; C: ramified to
three branches with inferior branch directed posteriorly;
D: ramified to three branches with inferior branch
directed anteriorly; E: one anteriorly directed large side
branch present; F: one posteriorly directed large side
branch present). L: left hemispheres; R: right
hemispheres.
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Split-H pattern. A split-H pattern was observed
only in two of the hemispheres (Fig. 2b) (3.6%); one
is in a right and the other is in a left hemisphere.

Oblique pattern. An oblique pattern was observed
only in one right hemisphere (Fig. 2c) (1.8%).

Single upward branch pattern. A single upward
branch pattern was observed in 17.9% of (Fig. 2d)
(n 5 10) all hemispheres. Six (21.4%) of the left

hemispheres and four (14.3%) of the right hemi-
spheres had single upward branch pattern.
Triple upward branches pattern. A triple upward
branch pattern was observed in 19.6% (Fig. 2e) (n 5

11) of all hemispheres, being the second-most com-
mon pattern. Six (21.4%) of the left hemispheres and
five (17.9%) of the right hemispheres had a triple
upward branch pattern.

Fig. 2. Photographs demonstrating the subparietal sulcus patterns: H-pattern
(a); split-H pattern (b); Oblique pattern (c); single upward branch pattern (d); triple
upward branch pattern (e); double horizontal sulci pattern (f).

Fig. 3. (a)Photograph of the medial surface of a left
hemisphere demonstrating the subparietal sulcus (red)
connection both with cingulate sulcus (yellow) and parie-
tooccipital sulcus (blue). (b) Photograph of the medial
surface of a left hemisphere demonstrating the subparie-
tal sulcus (red) has connection only with cingulate sulcus
(yellow). There is no connection with parietooccipital sul-
cus (blue). (c) Photograph of the medial surface of a right

hemisphere demonstrating the subparietal sulcus (red)
has connection only with parietooccipital sulcus (blue).
There is no connection with cingulate sulcus (yellow). (d)
Photograph of the medial surface of a right hemisphere
demonstrating the subparietal sulcus (red) has connec-
tion with neither cingulate sulcus (yellow) nor parietooc-
cipital sulcus (blue).
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Double horizontal sulci pattern. Only three
hemispheres (Fig. 2f) (5.4%) showed a double hori-
zontal sulci pattern; two (7.1%) of them were left
hemispheres, and one (3.6%) was right hemisphere.

In one of the left hemispheres (1.8%) the pattern
cannot be classified due to complexity of the SS, and
listed as undetermined.

SS Connections with the Cingulate Sulcus
and PS

Connection with both the cingulate sulcus and
PS. In five hemispheres (Fig. 3a) (8.9%), the SS
was observed to be connected with both the cingulate
sulcus and the PS. Of these five hemispheres, four
(14.3%) contained a dual connection in the left and
one dual connection (3.6%) was located in the right
hemisphere.
Connection only with the cingulate sulcus. In
23 hemispheres (Fig. 3b) (41.1%), the SS was only
connected with the cingulate sulcus anteriorly. Of
these 23 hemispheres, 12 (42.9%) displayed this pat-
tern in the left and 11 (39.3%) were located in the
right hemispheres.
Connection only with the PS. In seven hemi-
spheres (Fig. 3c) (12.5%), the SS was connected only
with the PS posteriorly. Of these seven hemispheres,
three (10.7%) were located in the left and four
(14.3%) were located in the right hemispheres.
No connections with either. In 21 hemispheres
(Fig. 3d) (37.5%), the SS was connected neither
with the cingulate sulcus nor the PS. Of these 21
hemispheres, nine (32.1%) were located in the
left, and 12 (42.9%) were located in the right
hemisphere.

Numbers of Superior Branches of the SS
Reaching the Superior Edge of the
Precuneus

In 12 (21.4%) hemispheres [6 left (21.4%), 6
(21.4%) right], there were no upwardly directed
branches crossing the superior margin of the hemi-
sphere over the precuneus. Most of the hemi-
spheres (n 5 26, 46.4%) had one upwardly
directed branch crossing the superior margin of the

hemisphere over the precuneus. Of these 26 hemi-
spheres, 16 (57.1%) were left hemispheres, and
10 (35.7%) were right hemispheres. Eighteen
hemispheres (32.1%) showed two upwardly
directed branches crossing the superior margin of
the hemisphere over the precuneus. Of these 18
hemispheres, six (21.4%) were left hemispheres,
and 12 (42.9%) were right hemispheres.

The Direction of the Posterior End of the
SS

Inferiorly (anteriorly) directed, toward the
splenium of the corpus callosum. In 29 (51.8%)
(Fig. 4a) hemispheres, the posterior end of the SS
was directed anteriorly towards the splenium of the
corpus callosum. Of these 29 hemispheres, 11
(39.3%) were located in the left and 18 (64.3%) were
located in the right hemisphere.
Posteriorly directed, toward the PS. In 25 (Fig.
4b) (44.6%) hemispheres, the posterior end of the SS
was directed anteriorly towards the splenium of the
corpus callosum. Of these 25 hemispheres, 16
(57.1%) were located in the left and 9 (32.1%) were
located in the right hemisphere.
Posteriorly directed, toward the PS with a small
free sulcus. Only two (Fig. 4c) (3.6%) hemi-
spheres showed the posterior end of the SS
directed posteriorly towards the PS with a small
free sulcus. One of these two hemispheres was a
left hemisphere and the other one was a right
hemisphere.

The Number of the Side Branches of the SS

In 12 (21.4%) hemispheres [6 left (21.4%), and
6 (21.4%) right], there were no side branches
observed. In 23 hemispheres (41.1%), the SS had
one side branch. Of these 23 hemispheres, 12
(42.9%) were left hemispheres and 11 (39.3%)
were right hemispheres. Two side branches of SS
were observed in 15 hemispheres (26.8%). Of
these 15 hemispheres, seven (25%) were left
hemispheres and eight (28.6%) were right hemi-
spheres. The SS of 6 (10.7%) hemispheres [3 left
(10.7%), 3 (10.3%) right] showed three side
branches.

Fig. 4. Photographs demonstrating the direction of the posterior end of the sub-
parietal sulcus: Inferiorly (anteriorly) directed, toward the splenium of the corpus cal-
losum (a); posteriorly directed, toward the PS (b); posteriorly directed, toward the PS
with a small free sulcus (c).
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Parietooccipital Sulcus Origin (End-Point)
on the Medial Surface

In 31 (55.4%) hemispheres [17 of these were left
hemispheres (60.7%) and 14 was right hemispheres
(50%)], the location of the end-point of the PS was
located anterior to the first peak of the calcarine sul-
cus (Fig. 5a).

In the 25 (44.6%) hemispheres (11 of these were
left hemispheres (39.3%) and 14 was right hemi-
spheres (50%)) the location of the end-point of the
PS was located at the first peak of the calcarine sulcus
(Fig. 5b).

Parietooccipital Sulcus Extension Onto the
Lateral Surface

The PS was observed to be extended to the lateral
surface of 52 (92.9%) hemispheres. Only in three left

hemispheres (10.7%) and one right hemisphere
(3.6%), did the PS not extend to the lateral surface.

Parietooccipital Sulcus Patterns

Straight pattern. The straight pattern was
observed in 30.4% (Figs. 1b and 6a) (n 5 17) of
all hemispheres, being the most common pattern
of the PS. Ten (35.7%) of the left hemisphere
showed the straight pattern, whereas 7 (25%)
straight patterns were identified in the right
hemispheres.
T- or Y-shape pattern. A T- or Y-shape pattern
was observed in 28.6% (Fig. 6b) (n 5 16) of all of the
hemispheres. Eight (28.6%) of the left hemispheres
and also 8 (28.6%) of the right hemispheres had a T-
or Y-shape pattern.
Ramified to three branches with the inferior
branch directed posteriorly. The PS was ramified
to three branches with the inferior branch directed

Fig. 5. Photographs demonstrating the parietooccipital sulcus (blue) origin (end-
point) on the medial surface. The origin can be anterior to the first peak of the calcarine
sulcus (green) (a); or at the first peak of the calcarine sulcus (b).

Fig. 6. Photographs demonstrating the parietooccipital sulcus patterns: straight
(a); T- or Y-shape (b); ramified to three branches with inferior branch directed posteri-
orly (c); ramified to three branches with inferior branch directed anteriorly (d); one
anteriorly directed large side branch present (e); one posteriorly directed large side
branch present (f).
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posteriorly in the 13 (23.2%) hemispheres (Fig. 6c).
Of these 13 hemispheres, six (21.4%) were left and
seven (25%) were right hemispheres.
Ramified to three branches with the inferior
branch directed anteriorly. The PS (Fig. 6d) was
ramified to three branches with inferior branch
directed anteriorly in only one (1.8%) right
hemisphere.
One anteriorly-directed large side branch pres-
ent. In three (Fig. 6e) (5.4%) hemispheres [two left
hemispheres (7.1%) and one right hemisphere
(3.6%)] one anteriorly directed large side branch was
presented.
One posteriorly-directed large side branch
present. In six (Fig. 6f) (10.7%) hemispheres [two
left hemispheres (7.1%) and four right hemispheres
(14.3%)] one posteriorly directed large side branch
was presented.

Distribution of the Side Branches of the PS

In the 32 (57.1%) no side branch was observed
[16 of these hemispheres were left-sided (57.1%)
and another 16 were right-sided (57.1%)]. In the
12 (21.4%) of the hemispheres an anteriorly
directed side branch toward the precuneus was
observed [6 of these hemispheres were left-sided
(21.4%) and another 6 were right-sided (21.4%)].
In another 12 (21.4%) of the hemispheres an ante-
riorly directed side branch toward the isthmus of the
cingulate gyrus was observed [6 of these hemi-
spheres were left-sided (21.4%) and another 6 were
right-sided (21.4%)].

All the data relevant to the SS and PS were sum-
marized in Table 1.

DISCUSSION

Removal of mass lesions located deep in the brain
is always a challenge for neurosurgeons. Microana-
tomical knowledge of the sulcal and fissural anat-
omy is essential for proper removal of such lesions
(Yasargil, 1988). In order to correctly localize the
pathology and its relationship with the eloquent
areas, the anatomy of the sulci and gyri has to be
clearly delineated. Comprehensive descriptions of
the medial parietal lobe surface anatomy applicable
to microneurosurgical interventions are limited and
mostly based on a single study of 25 human brains
by Ono et al. (1990).

Foville, in 1844, was the first to refer to the
precuneus (Foville, 1844). The precuneus is lim-
ited anteriorly by the marginal ramus of the cingu-
late sulcus, posteriorly by the PS, and inferiorly by
the SS. Although the precuneus itself may not fre-
quently harbor a lesion, it is an important land-
mark for posterior interhemispheric approaches to
the splenium of the corpus callosum, posterior cin-
gulate gyrus, medial occipital lobes, and especially
to the trigonal area (Yasargil, 1988). The signifi-
cance of the SS and PS as landmarks for posterior
interhemispheric approaches has been emphasized
in the literature (Yasargil, 1988, 1996; Kawashima

et al., 2006; Yasargil and Abdulrauf, 2008; Wang
et al., 2010). As surgical approaches to this area
have been rarely used, neurosurgeons may not
necessarily be familiar with variations and termi-
nology relevant to the medial parietal lobe.
Although Ono et al. (1990), published a detailed
anatomy of this region in a textbook, a more
accessible additional study is still needed.

Both the SS and the PS reveal significant varia-
tions in their patterns and distribution (Ono et al.,
1990). In this present study, we document that the
most common pattern of the SS is the “H” pattern
for both hemispheres. In Ono’s study (Ono et al.,
1990), the SS most commonly displayed the “H”
pattern on the left, and the “split H” on the right
hemispheres. Only few “split H” patterns (3.6% of
all hemispheres) are identified in our study. Fur-
thermore, “the triple upward branch pattern” is the
second most common pattern of the SS in our
series.

Rhoton (2002) described the SS as an indistinct
posterior continuation of the cingulate sulcus dis-
tal to marginal ramus. In our series only 50% of
the SS are anteriorly connected with cingulate sul-
cus and the remainder are not. Also, in 37% of
our cases SS remains as a distinct sulcus without
connection with either the cingulate sulcus or the
PS.

Ono et al. found that a straight or a non-
branching PS existed in 16 and 24% of the cases on
the right and left respectively, while branching pat-
terns predominated (Ono et al., 1990). In particular
“T” or “Y” shape patterns were seen in 24% on both
the right and left. Lastly the most common pattern
was a three-branched PS, which was seen in 40% of
cases on the right. By contrast our results reveal
that the most common pattern on the right is “T” or
“Y” shape pattern (28.6%) while on the left the
most common pattern is the “straight pattern”
(35.7%).

Cavanna and Trimble (2006) reported that the PS
has a limited extension superiorly toward the vertex
and that it did not reach the lateral surface of the
cerebrum. They also observed that the inferior end
of the PS terminated at the level of the superior
bend of the calcarine sulcus, or slightly more anteri-
orly. Our study reveals that the inferior end of the
PS terminates anteriorly to the first peak of the cal-
carine sulcus in 55.4% of all hemispheres, and at
the first peak of the calcarine sulcus in 44.6% of
hemispheres. Observations in the current study indi-
cate that nearly all (92.9%) PS reach the lateral sur-
face of the brain.

CONCLUSIONS

Our study further confirms complexities in pat-
terns of both the SS and the PS and yet demon-
strates that these sulci fall within an expected range
of variations. Better knowledge of these variations
will further help neurosurgeons to navigate easily
during approaches involving the medial surface of
the parietal lobe.

672 G€urer et al.



TABLE 1. The Patterns, Side Branches, and the Connections of the SS and PS

Left hemisphere n (%) Right hemisphere n (%) Total n (%)

Subparietal sulcus patterns
H pattern 12, (42.9%) 16, (57.1%) 28, (50%)
Split-H pattern 1, (3.6%) 1, (3.6%) 2, (3.6%)
Oblique pattern 0, (0%) 1, (3.6%) 1, (1.8%)
Single upward branch pattern 6, (21.4%) 4, 14.3%) 10, (17.9%)
Triple upward branch pattern 6, (21.4%) 5, (17.9%) 11, (19.6%)
Double horizontal sulci pattern 2, (7.1%) 1, (3.6%) 3, (5.4%)
Unidentified 1, (3.6%) 0, (0%) 1, (1.8%)

Subparietal sulcus connection with the
cingulate and PS
Connection with both 4, (14.3%) 1, (3.6%) 5, (8.9%)
Connection only with the cingulate
sulcus

12, (42.9%) 11, (39.3%) 23, (41.1%)

Connection only with the PS 3, (10.7%) 4, (14.3%) 7, (12.5%)
No connection with either 9, (32.1%) 12, (42.9%) 21, (37.5%)

Numbers of the superiorly-directed
branches of the SS
0 6, (21.4%) 6, (21.4%) 12, (21.4%)
1 16, (57.1%) 10, (35.7%) 26, (46.4%)
2 6, (21.4%) 12, (42.9%) 18, (32.1%)

Direction of the posterior end of the SS
Inferiorly (anteriorly)a directed,
toward the splenium of the corpus
callosum

11, (39.3%) 18, (64.3%) 29, (51.8%)

Posteriorly directed, toward the PS 16, (57.1%) 9, (32.1%) 25, (44.6%)
Posteriorly directed, toward the PS
with a small free sulcus

1, (3.6%) 1, (3.6%) 2, (3.6%)

The number of the side branches of the
SS
0 6, (21,4%) 6, (21,4%) 12, (21.4%)
1 12, (42,9%) 11, (39.3%) 23, (41.1%)
2 7, (25%) 8, (28.6%) 15, (26.8%)
3 3, (10.7%) 3, (10.7%) 6, (10.7%)

Parietooccipital sulcus origin
(end-point) on the medial surface

Anterior to the first peak of the
calcarine sulcus

17, (60.7%) 14, (50%) 31, (55.4%)

At the first peak of the calcarine sulcus 11, (39.3%) 14, (50%) 25, (44.6%)
Parietooccipital sulcus extension on to
the lateral surface
Yes 25, (89.3%) 27, (96.4%) 52, (92.9%)
No 3, (10.7%) 1, (3.6%) 4, (7.1%)

Parietooccipital sulcus patterns
Straight pattern 10, (35.7%) 7, (25%) 17, (30.4%)
T- or Y-shape pattern 8, (28.6%) 8, (28.6%) 16, (28.6%)
Ramified to three branches with
inferior branch directed posteriorly

6, (21.4%) 7, (25%) 13, (23.2%)

Ramified to three branches with
inferior branch directed anteriorly

0, (0%) 1, (3.6%) 1, (1.8%)

One anteriorly-directed large side
branch present

2, (7.1%) 1, (3.6%) 3, (5.4%)

One posteriorly-directed large side
branch present

2, (7.1%) 4, (14.3%) 6, (10.7%)

Parietooccipital sulcus side branch
distribution
Directed toward the precuneus 6, (21.4%) 6, (21.4%) 12, (21.4%)
Directed toward the isthmus of the
cingulate gyrus

6, (21.4%) 6, (21.4%) 12, (21.4%)

No side branches 16, (57.2%) 16, (57.2%) 32, (57.2%)

SS, subparietal sulcus; PS, parietooccipital sulcus.
aFor better clarity we elected the term “inferior” rather than “anterior” as used by Ono.
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