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NEUROSURGERY

A New Landmark for Finding the Sigmoid Sinus in
Suboccipital Craniotomies

BACKGROUND: The suboccipital craniotomy is one of the most commonly performed
neurosurgical approaches.

OBJECTIVE: To define a new cranial landmark, the digastric point, located at the top of
the mastoid notch in the mastoid portion of the temporal bone that may assist surgeons
performing this craniotomy and to study the relationships between this point and other
surface landmarks.

METHODS: Craniometric measures were taken from 127 dry human adult skulls (90 male
and 37 female). The measures were taken in millimeters by a digital caliper. Trans-
illumination of the skull with laser or light-emitting diode was used to assess the
correspondence of the digastric point in the inner surface of the skull.

RESULTS: The mean distance between the digastric point and the sigmoid sulcus in 254
measures was 3.10 mm (SD, 3.11 mm). The digastric point was over the sulcus of the
sigmoid sinus in 49.6% of the cases on the right side and in 29.9% of the cases on the left
side. The distance between the jugular point and the stylomastoid foramen was smaller
on the right side (mean, 8.89 mm; SD, 2.61 mm; P = .041). Comparing genders regardless
of side, the distances between the digastric and jugular points and from the jugular
point to the stylomastoid foramen were smaller in female skulls (P = .000 and .006,

respectively).

CONCLUSION: The digastric point may be a useful landmark to expose the sigmoid sinus

during suboccipital approaches.
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he suboccipital craniotomy is one of the
Tmost common approaches in neurosurgery
to deal with lesions in cerebellopontine
angle. Extensions of the suboccipital craniotomy
include the presigmoid approach anteriorly and
the transcondylar approach inferiorly. Superficial
landmarks on the occipital and temporal bones
help the surgeon perform these craniotomies,
minimizing the risks directly associated with the
approach.
Cranial sutures are natural landmarks, but
they are not always easily identifiable because
they are covered by periosteum or because they

ABBREVIATIONS: DP, digastric point; JF, jugular
foramen; JP, jugular point; OMS, occipitomastoid
suture; SF, stylomastoid foramen; SS, sigmoid
sulcus

may be less evident. The definition of landmarks
on the cranial surface and the study of the an-
atomic relationships of these points with internal
structures are useful to plan and perform cra-
niotomies safely.

In this study, we define a new landmark, the
digastric point (DP), located at the top of the
mastoid notch in the mastoid portion of
the temporal bone. This point is easily identified,
and its anatomic relationships may provide a new
reference point when the suboccipital approach
and its extensions are performed.

OBJECTIVES

The objectives of this study were (1) to vali-
date the DP as a reference for the suboccipital
approach and its extensions measuring the dis-
tances between this point and the asterion,
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occipitomastoid suture (OMS), jugular point (JP), stylomastoid
foramen (SF), jugular foramen (JF), and sigmoid sulcus (SS) and
(2) to evaluate the difference in these measures as far as gender
and skull side are concerned.

METHODS

From 400 skulls of the Afonso Bovero Anatomy Museum of the Sao
Paulo University cataloged by gender and age, we studied 127 (90 males
and 37 females). We excluded skulls without proper identification and
those that were not cross-sectioned, which hindered access to the SS in
the posterior fossa.

In the external surface of each skull, we identified the DP, asterion,
OMS, JP, SE, and JF. In the inner surface of each skull, we identified the
sigmoid sinus sulcus. On both sides, we took 3 measures of the following
distances: between the DP and the asterion, between the DP and the
OMS, between the DP and the JP, between the JP and the SF, between
the SF and JF, and between the correspondence of the DP in the inner
surface of the skull and the SS. The average of the 3 measurements was
used to define the descriptive measures: mean, median, SD, maximum,
and minimum values. We used a digital caliper (Mitutoyo, Sao Paulo,
Brazil) for the measures because of its precision and the ease with which
each measure can be read.

To access the correspondence of the DP in the inner surface of the skull,
we used transillumination of the skull with laser (99 skulls) or a light-
emitting diode (LED; 10 skulls). We used a laser pointer with laser and LED
as a light source for transillumination. The laser pointer was put in contact
with the external surface of the skull at the DP, and by transillumination, the
correspondence of the DP in the inner surface of the skull was marked with
a pencil (Figure 1). Then, the distance of this point to the border of the SS

was measured.

Jugular Foramen

Sigmoid Sinus Sulcus Foramen Magnum

FIGURE 1. Transillumination of the skull with a laser pointer to find the
correspondence of the digastric point in the inner surface of the skull.

When transillumination was not possible with laser because of skull
thickness, we used the LED source of the same laser pointer. However,
transillumination failed in 18 skulls. In these cases, the correspondence
of the DP in the inner surface of the skulls was accessed with a caliper,
with the tips forming a 90° angle. Again, a pencil was used to mark the
skull at the DP in the inner surface, and the distance between this point
and the border of the sigmoid sinus was measured. When the DP
correspondence in the inner surface was over the sigmoid sinus sulcus,
the distance was deemed to be zero.

Statistical Analysis
We analyzed the sample of 127 adult dry human skulls and then

separated them by gender. For the quantitative variables, we used
descriptive measures (mean, SD, median, minimum, and maximum
values). For the qualitative variables, we used the frequency distribution.
The statistical analysis defined general reference values and values for
gender and skull side for the following distances (Figure 2): asterion-DP,
DP-OMS, DP-JP, JP-SF, SE-JF, and correspondence of the DP on the
inner surface of the skull (DP-SS). We evaluated the difference in these
measures between individuals of both genders and between skull sides.
We used the intraclass ratio to evaluate the intraobserver reliability.
We tested the normal distribution of the measures to decide which
statistical test would be used. We found normal distribution for all

Mastoid Notch
Mastoid

Digastric Point

Asterion

Styloid P
Jugular Point YOITI0GESS

Jugular Process Occip. Condyle

FIGURE 2. Posterolateral surface of the skull on the right side. The digastric
point is located at the top of the digastric groove. The asterion is the point of
Junction of the parietomastoid, lambdoid, and occipitomastoid sutures. The
digastric point is defined as the point at the top of the digastric groove (blue circle).

This point is easily identifiable in dry skulls and during surgical procedures
because the digastric groove is covered by the posterior belly of the digastric muscle.

The jugular point is a point over the occipitomastoid suture at the level of the
posterior border of the jugular process of the occipital bone (green circle). The
Jugular process of the occipital bone is a bulged bone at each side of the occipital
bone, located between the occipital (Occip.) condyle medially and the mastoid
process laterally. The occipitomastoid suture is the junction of the occipital bone
with the mastoid portion of the temporal bone. It begins at the asterion and
descends, surrounding the jugular process of the occipital bone and ending at the
Jjugular foramen.
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measures except for those between the DP and the OMS. Parametric
tests were used when the distribution was normal. We used a non-
parametric test for the measures between the DP and the OMS.

An independent group # test was used to evaluate the difference
between the mean values of the measures associated with gender. In this
test, the null hypothesis was that the mean values of the variables were
the same between groups (males and females) and the alternative hy-
pothesis was that the mean values were different.

We used the Mann-Whitney test when the distribution was not
normal. In this test, the null hypothesis is that the medians were the same
between the groups (males and females). The alternative hypothesis was
that the medians were different.

To access the difference between the mean values of the distances
between the right and left sides of the skulls, we used the paired # test.
Both sides of the same skull were evaluated. When the distribution was
not normal, the Wilcoxon test was used.'

We defined the level of significance of all tests to be 5%. Statistically
significant associations were those in which the 2 < .05. All statistical
analyses were carried out with SPSS version 13.0 software (SPSS Inc,
Chicago, Illinois).

RESULTS

To test the reliability of the 3 measurements for each distance,
we used the intraclass ratio. The ratios were close to one, showing
measurement reliability. The mean values of the 3 measures were
used for the following comparisons.

The mean age of the skulls was 34.93 years (SD, 13.16 years).
For male skulls, the mean age was 33.62 years (SD, 12.35 years);
for female skulls, it was 38.46 years (SD, 14.41 years).

The distribution was found to be normal for all parameters
except for the measure between the DP and the OMS (DP-
OMS). We used a parametric test to compare the mean values
between genders for those measures showing normal distribution.

The mean DP-JP distances were different between genders,
being smaller in female skulls on both sides (2 = .006 on the right
and P = .007 on the left). The mean DP-SS and JP-SF distances
were smaller in female skulls only on the left side.

For the parameters in which there was a statistically significant
difference between genders (DP-JP and DP-SS), we carried out
a separate analysis with paired 7 test to compare skull sides.

For the JP-SF, SF-JF, and DP-SS distances, there were sta-
tistically significant differences between the sides but only in male
skulls: The JP-SF distance was smaller on the right side (mean,
8.89 mm; SD, 2.61 mm; P = .041), the SF-JF distance was
smaller on the right side (mean, 5.49 mm; SD, 1.73; P = .000),
and the DP-SS distance was smaller on the right side in both
genders, but this difference was statistically significant only in
male skulls (mean, 2.78 mm; SD, 3.01 mm; P = .000).

The DP was over the SS (distance equals zero) in 49.6% of the
skulls (n = 63) on the right side and in 29.9% of the skulls (n =
38) on the left side. The DP-SS distance range was 0 to 12.38
mm. The mean DP-SS distance regardless of side was 3.10 mm in
the 254 measures taken (Table).

When we compared the DP-SS distance between genders,
regardless of skull, the results were smaller in females, with
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TABLE. Mean Values of the Digastric Point on the Inner Surface of
the Skull-Sigmoid Sulcus Distance in Both Sexes Regardless of
Skull Side

n Mean, mm SD, mm
Mean 254 3.10 3.11
Male 180 345 3.01
Female 74 2.23 3.20

statistical significance (P = .004). A comparison of the measures
of the DP-JP, JP-SF, and DP-SS distances between genders,
regardless of side, showed that the DP-JP and JP-SF distances
were smaller in female skulls (P =.000 and P =.006, respectively).

The DP-OMS distance did not show normal distribution.
Therefore, a nonparametric test was used to compare the
medians. We used the Mann-Whitney test for independent
parameters. There was no statistically significant difference be-
tween genders and skull sides.

DISCUSSION

One of the most important concerns when performing lateral
suboccipital approaches is the exposure of the sigmoid sinus.
Surface landmarks on the skull help the surgeon choose where to
place burr holes, taking into account vascular and neural struc-
tures underneath these areas.

Upper Limit of the Sigmoid Sinus

There are few anatomic studies of points in the skull that can
be used as landmarks to find the sigmoid sinus during craniot-
omies. Ribas® studied different points of the cranial sutures in
relation to the topography of the transverse and sigmoid sinuses
and in relation to their related surgical approaches. A hole burred
at the retrosigmoid point, located immediately below the aste-
rion, exposes the lateral portion of the posterior fossa in an angle
formed by the transition of the lateral and sigmoid sinuses.

In 2 other articles, Ribas et al*” studied the correspondence of
burred holes in the posterior fossa with the venous sinuses in 50
human adult skulls; they knew gender, age, and race for 25 of
them. The authors described the asterion and the middle point of
the inio-asterion line in relation to the inferior half of the lateral
sinus; the superior point of the transition lateral/sigmoid sinuses
was above the posterior portion of the parietomastoid suture; the
inferior point of the transition lateral/sigmoid sinuses was below
the posterior portion of the parietomastoid suture; the crossing
point of the squamous and parietomastoid sutures was related to
the posterior portion of the middle fossa; the OMS, at the level of
the digastric groove, was related to the posterior wall of the
sigmoid sinus; this point marked the intersection of an imaginary
line between the inion to the mastoid tip with the OMS. The
authors placed the initial burr hole at this point. They found no
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differences between genders and skull sides. The OMS is not
always identifiable in heads and was located about 7 mm posterior
to the DP.°

Day et al” studied 15 human heads to identify reference points
in the surface of the skull to help the surgeon safely find the lateral
and sigmoid sinuses. In their study, the mean distance between
the asterion and the mastoid tip was 49.2 * 4.4 mm. There was
considerable variation in the distance between the asterion and
the superior border of the lateral sinus (mean, 2 mm; * 8 mm).
The border of the lateral sinus was found above and below the
asterion. In all specimens, the lateral sinus was below the axis of
a line between the root of the zygoma and the inion. The junction
of the parietomastoid and squamous sutures marked the anterior
border of the superior curve of the sigmoid sinus.

In another article, Day and Tschabitscher® studied 100 dry
skulls drilling holes over the asterion in both sides of the skulls.
The asterion was above the dura mater of the posterior fossa in
32% of the skulls on the right side and in 25% on the left. The
asterion was related to the transition of the lateral and sigmoid
sinuses in 61% of the cases on the right side and in 66% on the
left. The asterion was above the transition of the sinuses in 7% of
the cases on the right side and in 9% on the left. With this study,
they showed the variability of the asterion and its relationship
with the dura mater of the posterior fossa and the transition of the
lateral and sigmoid sinuses, and they did not consider the asterion
a reliable landmark.

Avdi et al® studied the relationship between the venous sinuses
of the posterior fossa with superficial landmarks in 12 heads
injected with silicone and in 10 dry skulls. Although the asterion
is easily identified in dry skulls, it was identified in only 60% of
the regular heads. The digastric groove was over the sigmoid sinus
in 85% of the specimens. When performing the suboccipital
craniotomy, the authors recommended drilling a hole 1 cm
medially to the top of the mastoid groove to avoid the sigmoid
sinus. The authors also did not consider the asterion useful as
a reference point because of its anatomic variability and because
its identification was not always easy.

In a morphometric study of 84 dry adult skulls, Bozbuga et al’
measured the distance between the mastoid tip and the asterion.
This measure was 49.9 mm (mean) on the right side and
50.1 mm on the left. The authors also reported differences in
both sides for the correspondence of the asterion in an anterior-
posterior plane with the junction of the sigmoid and transverse
sinuses. The asterion was over the junction in 36.9% on the right
side and 40.5% on the left. The asterion was over the distal
portion of the transverse sinus in 63.1% of the cases on the right
side and in 59.5% on the left. The axis of the sigmoid sinus
projected over an oblique line between the junction of the
squamous and parietomastoid sutures and the mastoid tip.

Lower Limit of the Sigmoid Sinus

There are few studies about reference points for the lower limit
of suboccipital craniotomy and the relationship with the lower
portion of the sigmoid sinus. In our anatomic dissections, to
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illustrate the petrosal approach with partial labyrinthectomy
(Sekhar et al),’® we observed that the sigmoid sinus makes an
anterior curve toward the jugular bulb. This curve was located
near the top of the mastoid notch. Inspired by the work of Ribas
and Ribas et al*® and our own dissections, we created a reference
point located immediately above the mastoid notch. We called it
the DP and started to use it as a reference point to drill the skull
when performing the lateral suboccipital approach (Figure 3).

The DP is easy to find, both in dry skulls and during surgical
approaches. In dry skulls, its location corresponds to the top of
the mastoid notch. The posterior belly of the digastric muscle
completely fills the mastoid notch. Therefore, in surgical pro-
cedures, we define the DP as the point immediately above the
posterior belly of the digastric muscle.

In our study, the DP projected over the SS in the inner surface
of the skull in 49.6% of cases on the right side and in 29.9% of

cases on the left.

Inferior Extension and the Facial Nerve

For downward extensions of the lateral suboccipital ap-
proaches, the measures found in this study may be useful for the
surgeon. The JP is over the OMS at the level of the posterior
border of the jugular process of the occipital bone. The DP-OMs
distance measured in our study did not show normal distribution.
The median of this measure was between 6 and 7 mm, with no
significant difference between the sides of the skulls or between
genders. The DP-JP measures showed normal distribution, and
the mean distance was 21.13 mm (SD, 4.32 mm).

The facial nerve exits the skull through the stylomastoid foramen.
It is very easy to locate the SF in dry skulls. It is located immediately
postetior to the styloid process and anterior to the mastoid notch.

FIGURE 3. [llustration of the left lateral view of the skull. Blue indicates the
sigmoid sinus; the white circle, a burr hole over the digastrics point.
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However, these spaces are occupied by muscles, blood vessels,
periosteum, connective tissue, and fat, which makes it difficult to
locate the facial nerve in the foramen during surgical procedures.

The craniometric measures from the DP and JP performed in
this study may assist the surgeon in locating the facial nerve. The
mean distance between the DP and JP in the 254 sides studied
was 21.13 mm (range, 10.53-32.22 mm) with an SD of 4.32
mm. From the JP to the SF, the mean distance was 8.86 mm
(range, 2.41 to 18.03 mm), with an SD of 2.63 mm.

Asymmetry Between Sides and Gender Differences

In their study of 263 cerebral angiograms with digital
subtraction technique, Shima et al'' found symmetry of the
sigmoid sinus in 49% of cases. In about 36% of cases, the right
sigmoid sinus was dominant or exclusive. It was expected that
anatomic studies showed statistically significant differences in
measures of the sigmoid sinus. However, in the studies by
Ribas et al,*” there was no difference between skull-side
measures. Avci et al® also did not compare the sides in their
craniometric measures.

In an evaluation of the measures performed by Tedeschi and
Rhoton'? between the tip of the mastoid and the lateral margin of
the JF and between the lateral margin of the SF and the lateral
margin of the occipital condyle, there was no difference between
the sides in 25 skulls studied. When the number of skulls studied
is larger, one usually can find differences between the sides. Day
and Tschabitscher® studied 100 skulls and Bozbuga et al” studied
84 skulls and found a difference between the right and left sides in
the asterion and transverse sinus sites.

Our results also showed differences in craniometric measures
between the sides of the skulls. We studied 127 skulls, 254 sides.
The DP was projected over the SS in 49.6% of cases on the right
and in 29.9% on the left. When the DP did not project over the
SS, the mean distance between this point and the SS was 3.10
mm (SD, 3.11 mm). This distance was smaller in females (mean,
2.23 mm; SD, 3.20 mm), reaching statistical significance when
the measures of both sides were considered. We can conclude that
the sigmoid sinus is wider on the right side.

The mean distances between the JP and the SF and between
the SF and JF were significantly smaller on the right, but only in
males. These results also indicate that there is an asymmetry
between the 2 sides of the skull.

Craniometric studies for surgical application usually do not
compare the findings in terms of gender. Ribas et al’ studied
craniometric points in 25 skulls classified by age and gender.
They found no significant differences between genders.

Our results showed that the mean distances between the DP
and JP were smaller in females. The mean distances between the
DP and SS and between the JP and SF were also smaller in
females, but only on the left side of the skull.

Exposure of the Sigmoid Sinus
Al-Mefty et al,'® describing the petrosal approach, made 4

trepanations: 2 above and 2 below the lateral sinus; the first was
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just below the asterion. Rhoton'® preferred to make their initial
trephination 2 cm below the asterion, two-thirds anteriorly and
one-third posteriorly to the OMS. Yasargil'® did not use the
asterion as a reference point for the suboccipital craniotomy.
Yasargil described 3 trepanations: the first 1 to 2 cm above the
superior nuchal line, the second in the superior nuchal line be-
hind the mastoid process, and the third 3 cm medial to the
second.

This variation in preference for the location of the drill holes
on this short anatomic area takes into account 2 aspects: the
potential risk of injury to the venous sinuses and bone opening
limitations.

We prefer to expose the border of the sigmoid sinus during the
suboccipital approach. We use the asterion as the upper landmark
and the DP as the lower. By drilling bone between these 2
landmarks, one can expose the entire lateral border of the sigmoid
sinus. The potential risk of damage to the sinus wall is coun-
terbalanced by better exposure of the lateral limit of the approach,
reducing the need to retract the cerebellum.

CONCLUSION

The craniometric measures and statistical analyses of this study
showed that the distance between the DP and the SS was smaller
on the right side; the measures between the DP and JP, JP and
SE, and DP and sigmoid sinus sulcus were smaller in females; the
relationship between the DP and JP and the JP and SF may assist
in finding the location of the facial nerve at its exit from the skull
base; and the relationship of the DP with the sigmoid sinus can be
used as lateral limit on the suboccipital access.

Disclosure

The authors have no personal financial or institutional interest in any drugs,
materials, or devices described in this article.
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COMMENT

Ithough the frontotemporal approaches are relatively systematized

in the sense that their craniotomies are usually done from defined
burr hole sites"” with minor variations, the lateral suboccipital ap-
proaches are still performed mostly from various and nonstandardized
initial burr hole placements, which justifies and welcomes this careful
study by Raso and Gusmao. Because the transverse and sigmoid sinuses
are the natural limits of these exposures, knowledge of their cranial
topography constitutes the main factor for the placement of the initial
burr holes for the lateral suboccipital approaches, and the digastric point
proposed here can easily be exposed surgically and lies just next to the
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sigmoid sinus. Because the diagnostic point is described as located at the
top of the mastoid notch, it seems to be similar to the point we describe
as located at the superior and posterior aspect of the mastoid notch,
which also corresponds to the crossing point between the occipito-
mastoid suture and the posterior margin of the sigmoid sinus.>*

Considering the currently available cranial topography knowledge,
while the upper portion of the cerebellopontine angle can be exposed
from an initial burr hole over or just anterior to the asterion, 375 its lower
portion can then be exposed from an initial burr hole located at the
posterior aspect of the top of the mastoid notch.

The authors should be also congratulated for their careful and
complete statistical analysis, not usual in anatomical studies.
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