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ABSTRACT

Background: The retrosigmoid craniotomy is one of the most common approaches in neurosurgery. The
bony landmarks related to the transverse-sigmoid sinus are important for performing surgery safely and effec-
tively. This study investigated the relationship between the transverse-siemoid sinus complex and external skull
landmarks, focusing on the asterion—digastric point line as a reference for the vertical sigmoid sinus and related
anatomy.

Method: Radiographic study was conducted using 51 three-dimensional computed tomography
venography scans obtained from patients older than 15 years at Ramathibodi Hospital between 2021 and 2023.
Volume-rendering techniques were applied to identify the asterion, the digastric point, the transverse-sigmoid sinus
junction, and the vertical segment of the sigmoid sinus. Measurements were taken at the proximal, mid, and distal
portions relative to the asterion-digastric point line, with the angles in the x (coronal), y (sagittal), and z (rotational)
axes set at 12°, 15°, and 120°, respectively.

Results: The line connecting the asterion and the digastric point serves as the most reliable landmark
(100%) for locating the vertical segment of the sigmoid sinus on both sides. The mean distances from this line to
the medial border of the vertical part of the sigmoid sinus were 4.16+2.45 mm, 7.90+2.33 mm, and 3.24+1.64 mm
from proximal to distal, respectively. The mastoid emissary foramen is more commonly found on the right side
than on the left and is mostly located medial to this line. The occipitomastoid suture was found to be medial to
the asterion- digastric point line in all cases. The mean distance from the digastric point to the occipitomastoid
suture is 9.36 + 1.30 mm on the right side and 9.48 + 1.22 mm on the left side. Additionally, the right sigmoid sinus
was significantly larger (7.50 + 1.22 mm, P < 0.001) than the left in most cases

Conclusion: Recognizing the asterion-digastric point line and the occipitomastoid suture as the most
reliable landmark for the vertical part of sigmoid sinus helps surgeons avoid inadvertent injury to the transverse-

sigmoid venous sinus during routine craniotomy in this area.
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Introduction

The retrosigmoid craniotomy is a widely used
neurosurgical approach for accessing lesions in
the cerebellopontine angle and adjacent areas'.
Surface landmarks on the occipital bone and
the petrous part of the temporal bone guide the
surgeon in performing this procedure accurately.
Defining these bony landmarks and understanding
their anatomical relationship to underlying intra-
cranial structures are essential for safe and effec-
tive surgical planning. Particular care must be taken
to avoid injury to the transverse and sigmoid
venous sinuses, as damage to these structures can
lead to serious complications, including significant
blood loss, air embolism, and venous infarction®.

The asterion, defined as the intersection of the
lambdoid, parietomastoid, and occipitomastoid
sutures, has been widely reported and used as a
superficial landmark for identifying the transverse—
sigmoid sinus junction. However, many studies
have shown that this landmark is unreliable due
to variations in bony anatomy. Recommendations
for the location of the safe strategic burr hole have
been described differently in the literature™®.

The digastric point (DP) is a consistently iden-
tifiable landmark, both in dry skulls and during
retrosigmoid surgical approaches. In anatomical
specimens, it corresponds to the upper margin of
the mastoid notch, which is occupied by the pos-
terior belly of the digastric muscle. During surgery,
the DP is defined as the point immediately supe-
rior to the posterior belly of the digastric muscle.
This landmark may serve as a reliable reference for
locating and exposing the inferior vertical segment
of the sigmoid sinus’”’.

In this study, the imaginary reference line
extending from the asterion to the digastric point,

in combination with the occipitomastoid suture,

may serve as a practical landmark for locating the

vertical segment of the sigmoid sinus.

Methods

Following approval from the Human Research
Ethics Committee of the Faculty of Medicine,
Ramathibodi Hospital, Mahidol University, Thailand,
we conducted a retrospective radiological study of
patients who underwent computed tomography
venography (CTV) of the brain between January
2021 and December 2023.

A total of 51 CTV brain images were included
in the analysis. The inclusion criteria were patients
aged >15 years who had undergone CTV at Ra-
mathibodi Hospital for various clinical indications.
Exclusion criteria included a history of posterior
cranial fossa surgery, known vascular malforma-
tions, or intracranial pathologies involving the
transverse—sigmoid sinus, such as cerebral venous
sinus thrombosis, tumors, or mass lesions that
could distort normal anatomical landmarks.

All 51 CTV brain images were acquired by 128
sliced CT machine, 1mm no gap (Iconspectral, Philips,
Medical system Nederland B.V.) and analyzed using
a volume-rendering technique (Intellispaceportal,
image and information management software
version 9.0). The locations of the asterion, digastric
point (DP), transverse-sigmoid sinus junction, and
other relevant skull landmarks were identified.
Image orientation was adjusted to approximate
the surgical view in the park bench position, with
a coronal angle of 12°, a sagittal angle of 15°, and
a rotational angle of 120°.

The asterion is the anatomical point where the
parietal, occipital, and temporal bones converge,
corresponding to the intersection of the lambdoid,
parietomastoid, and occipitomastoid sutures'. The

DP is defined as the insertion point of the digastric
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muscle’s posterior belly at the top of the mastoid
notch on the temporal bone”.

Differences in 3D reconstruction images were
observed at three rotational angles: 90°, 120°, and
150° (Figure 1). At 90°, the mastoid notch was not
visible, making identification of the digastric point
impossible. At 150°, the asterion-DP line overlapped
with the sigmoid sinus, preventing accurate distance

measurements. Therefore, 120° was selected, as it

provided a clear separation between the asterion-
DP line and the sigmoid sinus while most closely
resembling the actual surgical view.

In the inferior view of the 3D reconstruction
image (Figure 1), the image was oriented so that
the sigmoid sinus appeared parallel to the skull base.
In this configuration, Y represents the measured
distance used in this study, while Z (or line ab)

corresponds to the true distance from the asterion—

Rotational angles and distance measurement to mid sigmoid sinus

Transverse sinus Internal jugular vein Sigmoid sinus

Inferior skull view and Actual distance by Pythagorean Theorem

Figure 1: The 3D reconstruction images with and without bone window at rotational angles of 90° (A,D),

120° (B,E), and 150° (C,F), respectively and the inferior skull view for measurement distance (E) from the

asterion-digastric point line (Red line in Panel B) to the medial border of the sigmoid sinus (Blue and Yellow

line in Panel E).
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DP line to the sigmoid sinus. The Y value was
considered appropriate for analysis because X and
X were nearly equal, allowing the application of
the Pythagorean theorem (72 = X2+ Y?, where X
~ Xl). Given that the sigmoid sinus runs perpendic-
ular to the skull surface and that the craniotomy
involves a vertical bone cut, Y provides a practical
and relevant measurement, whereas the oblique
distance (2) is less applicable for surgical planning.

The mean distances from the asterion-DP line
to the medial border of the vertical portion of the
sigmoid sinus at the proximal, middle, and distal
segments were independently measured by two
senior neurosurgical residents and an experienced
radiology staff member.

A cadaveric skull was used to demonstrate
the external and internal landmarks relevant to
this study.

Data collections

Data were collected as descriptive measures,
including mean and standard deviation (SD), for
the following parameters: (1) the distance from
the DP-asterion line to the vertical segment of the
sigmoid sinus at the proximal, middle, and distal
portions; (2) the identification of the asterion as
a landmark for localizing the transverse-sigmoid
junction; (3) the identification of the mastoid emis-
sary foramen and occipitomastoid suture, and their
relationships with the sigmoid sinus and the aste-
rion-DP line; and (4) the determination of the size

of the sigmoid sinus on both sides.

Statistical analysis

Descriptive data are presented as means and
standard deviations for continuous variables. For
statistical analysis, repeated-measures one-way

analysis of variance (ANOVA) with Bonferroni cor-

rection was used for pairwise comparisons among
the proximal, middle, and distal segments. Paired
t-tests were applied to compare measurements
between the right and left sides for normally dis-
tributed numerical data. For categorical variables,
McNemar’s test was used to assess differences be-
tween paired proportions. All statistical analyses
were performed using Stata version 13 (StataCorp,
College Station, TX, USA), and a p-value of less

than 0.05 was considered statistically significant.

Results

A total of 51 patients over the age of 15 from
Ramathibodi Hospital were included in the study
between 2021 and 2023. The mean age was 47
years, and the majority were female (n = 37,
72.6%). The asterion-DP line had a mean dis-
tance of 29.39 + 4.03 mm on the right side and
29.15 + 3.90 mm on the left.

The right sigmoid sinus was significantly larger
(7.50 £ 1.22 mm, p < 0.001) than the left (5.95 +
1.53 mm) in most cases. The asterion was most
commonly located medial to the transverse-sig-
moid (TS) junction, with a mean distance from the
proximal point of the asterion-DP line to the TS
junction of 4.16 + 2.45 mm. The mastoid emissary
foramen was more frequently observed on the
right side (49.0%) than on the left (35.3%) and, in
most cases, was situated medial to the asterion-
DP line.

The occipitomastoid suture was consistently lo-
cated medial tothe asterion—digastric point (DP) line.
The mean distance between the occipitomastoid
suture and the digastric point was 9.36 + 1.30 mm
on the right side and 9.48 + 1.22 mm on the left.
(Tablel)
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Table 1 Comparison table of the Digastric point - Asterion line in relation of the vertical part sigmoid sinus,

the size of vertical part of sigmoid sinus, asterion location, mastoid emissary foramen and occipito-mastoid

suture on both sides of the skull

Parameters Right sided Left sided P-value
Asterion-DP line, mean+SD (mm) 29.39+4.03 29.15+3.90 0.587
Medial to vertical part of sigmoid sinus, n(%) 51(100) 51(100) 1
Sigmoid sinus diameter, mean+SD (mm) 7.50+1.22 5.95+1.53 <0.001
Asterion location, n(%)
Medial to TS junction 46 (90.20) 46(90.20) 1.00
Midpoint of TS junction 5 (9.80) 5 (9.80)
Mastoid Emissary Foramen, n(%)
Absent 26 (50.98) 33 (64.71) 0.108
Medial to asterion-DP line 24.(47.06) 17 (33.33)
Midpoint to asterion-DP line 1(1.96) 1(1.96)
Occipitomastoid suture, n(%)
Medial to asterion-DP line 51(100) 51(100) 1
Distance to DP, mean+SD (mm) 9.36+1.30 9.48+1.22 0.163

TS - Transverse-Sigmoid junction

The mean distances from the asterion-DP line
to the vertical portion of the sigmoid sinus at
different segments were as follows: proximal,
4.16 + 2.45 mm;middle,7.90 + 2.33 mm;anddistal,
3.24 + 1.64 mm. A statistically significant difference
was observed among these segments (p < 0.001).
Pairwise comparisons revealed that the middle
segment differed significantly from both the proxi-
mal and distal segments, indicating that the distance
between the asterion-DP line and the vertical
portion of the sigmoid sinus is greatest at the mid-
dle portion (7.90 + 2.33 mm, p < 0.001), consistent
with the sigmoid sinus curving laterally toward the
mastoid bone rather than running vertically toward
the internal jugular vein. (Table 2)

These consistent distances between each
portion of the asterion-DP line and the vertical
segment of the sigmoid sinus suggest that the two

structures do not overlap, with the asterion-DP

line located medial to the vertical portion of the

sigmoid sinus.

Discussion

During retrosigmoid craniotomy, accurate iden-
tification of the vertical portion of the sigmoid
sinus is essential to avoid injury and unnecessary
exposure. Injury to the sigmoid sinus can result in
serious complications and significant blood loss,
and surgical repair is mandatory to preserve the
sinus lumen for long-term safety'. Prior studies
utilizing cadaveric specimens and dry crania
demonstrated substantial variability in traditional
bony landmarks such as the asterion or digastric
point’; radiographic assessment using defined
surface reference lines resolves these identification
challenges to optimize initial burr-hole localization".
This study utilized CTV to demonstrate multiple

bony landmarks and to measure distances from a
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Table 2 A comparison table of the distance between the asterion- digastric point line and the sigmoid

sinus at proximal, middle, and distal points, as well as a comparison between these points.

Distance (mm) Mean+SD P-value Pairwise P-value
Overall (n=102)
Proximal 4.16+2.45 <0.001 Proximal VS Middle p < 0.001
Middle 7.90+2.33 Middle VS Distal p <0.001
Distal 3.24+1.64 Proximal VS Distal p = 0.102
Right sided (n=51)
Proximal 4.16+2.45 <0.001 Proximal VS Middle p < 0.001
Middle 7.82+2.56 Middle VS Distal p < 0.001
Distal 3.32+2.25 Proximal VS Distal p = 0.243
Left sided (n=51)
Proximal 4.10+2.44 <0.001 Proximal VS Middle p < 0.001
Middle 7.99+2.59 Middle VS Distal p < 0.001
Distal 3.17+1.76 Proximal VS Distal = 0.126

reference line to the sigmoid sinus, with a consis-
tent viewing angle applied by multiple researchers.

Based on this study, the asterion is predomi-
nantly located medial to the transverse-sigmoid
junction, with a mean distance of 4.16 + 2.45 mm
from the proximal point of the asterion-DP line.
This consistent anatomical relationship suggests
that the asterion can serve as a reliable surface
landmark for the proximal sigmoid sinus during
retrosigmoid craniotomy. Placing a burr hole or
performing drilling slightly inferior and medial to
the asterion provides a practical approach for exposing
the transverse-sigmoid junction and posterior
fossa dura; however, anatomical variations exist,
and meticulous exposure is recommended®’.
The use of preoperative imaging or 3D reconstruc-
tion to confirm the locations of the asterion and
sigmoid sinus can further enhance surgical preci-
sion, although such resources may not be universal-
ly available, particularly in developing countries®.

Incorporating the asterion as a key reference

point in the initial steps of craniotomy planning
can improve surgical accuracy and outcomes in
procedures involving the cerebellopontine an-
gle or posterior fossa''. Additionally, performing
the craniotomy slightly medial to the asterion-DP
line allows for a safe cut relative to the vertical
segment of the sigmoid sinus, with mean distanc-
es of 7.90 £ 2.33 mm at the middle portion and
3.24 + 1.64 mm at the distal portion. A study by Jair
Leopoldo Raso reported that the digastric point,
or top of the mastoid notch, lies approximately
3.11 mm from the sigmoid sinus, closely aligning
with the present findings and further supporting
the digastric point as a reliable distal vertical
sigmoid sinus landmark’.

Our study confirmed that two anatomical
lines—the asterion—digastric point (DP) line and
the occipitomastoid suture—are located medial
to the vertical portion of the sigmoid sinus and
can be readily identified in the operative field.

Furthermore, the vertical segment of the sigmoid
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sinus consistently curves laterally away from the
asterion-DP line (Figure 2). Based on the anatomical
relationship between the occipitomastoid suture
and the digastric point, our findings indicate that
the occipitomastoid suture is consistently medial
to the digastric point. The mean distance from
the digastric point to the sigmoid sinus was 3.24
+ 1.64 mm, consistent with previous anatomical
and surgical studies’.

To minimize the risk of sigmoid sinus injury
during craniotomy, it is advisable to perform the
bone opening at the midpoint between the occipito-
mastoid suture and the digastric point or to drill
in this area to expose the posterior fossa dura and

delineate the vertical sigmoid segment. Nevertheless,

caution is warranted, and preparation for hemostasis
should be made in case of injury to the mastoid
emissary vein. The mastoid emissary foramen was
more commonly observed on the right side than
the left and, in most cases, is located medial to
the asterion-DP line. However, significant anatomical
variability of the mastoid emissary foramen—fre-
quently located directly on or adjacent to the
occipitomastoid suture—limits its standalone reliability,
underscoring the value of high-resolution CT mapping
alongside established cranial landmarks to safe-
ly navigate the transverse-sigmoid transition'*".
Preoperative CT evaluation, particularly of the size,
number, and location of emissary veins, is recom-

mended before retrosigmoid craniotomy'.

Right retromastoid area: external landmarks and internal landmarks
s Al LR !‘f\ l}a!. i

Posterolateral view Inner skull view

Posterior view

Figure 2: Cadaveric skull landmarks from the neurosurgery lab and reference lines are demonstrated in

different views to highlight surgical landmarks. The inner skull view reveals the transverse-sigmoid sinus

groove. The occipitomastoid suture is clearly visible running parallel to the vertical part of the sigmoid

sinus. The mastoid emissary foramen is located medially from an external landmark and in close proximity

to the sigmoid sinus from an internal landmark
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Several anatomical landmarks have been ex-
plored to improve localization of the transverse-
sigmoid sinus junction (TSSJ), which is crucial for
posterior cranial fossa surgery. Traditional reliance
on the asterion is limited by high variability, as
reported by Tubbs et al. (7) and Mwachaka et al.”.
The digastric point, described by Raso et al.’, or
the top of the mastoid notch (TMN)'**'" are useful
surgical landmarks for aligning with the vertical
portion of the sigmoid sinus. The digastric-con-
dyle (DQO) line also provides a reliable trajectory for

estimating the position of the horizontal segment of

the sigmoid sinus'®. Superficial landmarks, such as
the occipitalis muscle” and posterior auricle®,
offer practical alternatives when imaging is limited.
These findings support the use of composite or
line-based landmarks to enhance surgical accuracy.
Our study further contributes by defining the rela-
tionship between the asterion—digastric point line
and the occipitomastoid suture, demonstrating
that this line typically lies medial to the TSSJ and
lateral to the suture, thereby providing a potentially
reliable trajectory for landmark-based navigation

during lateral suboccipital approaches (Table 3).

Table 3 The anatomical landmarks relationship with transverse sigmoid complex in various studies

No. Study Sample/Method Landmarks Key Findings
(Authors, Year) Studied
Skin and Soft tissue landmarks
The most-posterior-part-of-the-auric-
one-hundred pa- . ula can be seen as a fast and practical
Broekx Setal.” . Most posterior ) i
1. tients who under- . superficial anatomical landmark for
(2024) : part of auricula . . . )
went brain MRI identification of the transverse-sig-

moid-sinus-transition

Gilkes A et al.'9
(2023)

Bony landmarks

Mwachaka PM
et al.'5 (2010)

Raso JL et al.5
(2011)

18 adult cadaveric
heads

90 human skulls
(both sides exam-
ined)

Cadaveric dis-
section 127 adult
skulls

Occipitalis
Muscle, Mastoid

notch

Asterion, root of
the zygoma and
tip of the mastoid

process

Digastric point

Occipitalis Muscle can be useful
when this technology is not available

or is not working properly.

The safest surgical approach is
posteroinferior to the asterion to
avoid lacerating the transverse-sigmoid

sinus complex

The mean distance between the di-
gastric point and the sigmoid sulcus
was 3.10 mm, and it was located over
the sulcus of the sigmoid sinus in
49.6% of cases.
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Table 3 The anatomical landmarks relationship with transverse sigmoid complex in various studies (Cont.)

No. Study Sample/Method Landmarks Key Findings
(Authors, Year) Studied
Top of mastoid TMN is a reliable external landmark
. Cadaveric dissec- notch (TMN), for identifying the transverse-sigmoid
Jurgaitis J et ) o ) ) ) )
5. 116 (2024) tion on 10 adult inion, Frankfurt sinus junction (TSSJ); TS exits ros-
al.
skulls plane to define trally above the Frankfurt plane; right
TSSJ TS is larger than left (p = 0.048).
o ) useful landmark for accurately locating
) Cadaveric dissec- Top of Mastoid ] ) )
LiR etal.'7 . the anterosuperior and inferomedial
6. tion on 43 adult notch ) ] ]
(2020) points of the transverse-sigmoid
skulls . . .
sinus junction.

Imaginary line

10.

Tubbs RS et al.7
(2009)

Matsuo S et
al.’8 (2018)

Kubo M et al.?5
(2021)

Our Study

100 skulls (200

sides)

Three dimen-
sional CTA
images of adults
(56sides)

Case series 33
patients with
trigeminal neu-

ralgia

51 subjects were
enrolled, with

CTV imaging

Mastoid process,
zygomatic arch,
mastoid notch,
squamosal suture,
zygomatic line,

mastoid line

The line between
the digastric point
and posterior edge
of the occipital
condyle

The groove line
(GL) was also
defined as the
extension of the
digastric groove
and was drawn
on the surface
of the occipital

bone.

Asterion- digastric
point line, occip-

itomastoid suture

Burr hole should be placed inferior
and medial to TSSJ using zygomatic
and mastoid lines; asterion is unreli-
able.

The DC line can be used as a new
surface landmark for estimating the
position of the horizontal part of the

sigmoid sinus.

The key point for burr hole is 20mm
from groove point and adjacent to

groove line (DP)

The asterion—DP line lies medially to
the vertical part of sigmoid. Occipit-
omastoid suture lies medially to the

asterion-DP line.
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Limitations

A limitation of this study is that measurement
inaccuracies may occur if the sigmoid sinus is not
parallel to the inner table of the skull (Figure 3).
For example, the presence of large mastoid air
cells can increase the depth of the sigmoid sinus,
causing it to deviate from a parallel alignment
with the bone. Additionally, in children younger
than 15 years, bony landmarks may be less well
defined due to ongoing skull base development
and mastoid air cell formation, which represents

another limitation.

Despite slight discrepancies compared with ca-
daveric specimens, 3D radiographic reconstruction
may assist preoperative planning by improving visu-
alization of relevant skull-base and venous anato-
my. When combined with skull surface landmarks,
these imaging data may support localization of
the retrosigmoid keyhole and surgical planning for
cerebellopontine angle exposure'””. Additionally,
the ability to store and retrieve digital data facil-
itates longitudinal analysis and further research
without the limitations associated with specimen

degradation or availability.

Figure 3: CTV brain showing large mastoid air cells. The measurement from the surface skull area can be

shorter than the real distance.
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The use of novel 3D anatomical volume ren-
dering techniques has been increasingly reported
across various medical subspecialties, particularly

in neurosurgery”**

. Its integration into surgical
planning and anatomical research represents a shift
toward more precise, individualized, and repro-
ducible approaches in both clinical and academic
settings. The findings of this study highlisht the
value of advanced imaging techniques in enhancing
anatomical understanding and optimizing surgical
outcomes, particularly in regions where traditional
landmarks may vary or be difficult to identify.
Employing multiple landmarks during routine
craniotomy is preferable to relying on a single
landmark, as this approach accounts for individual

anatomical variation and improves accuracy.

Conclusion
The asterion—digastric point line, together with
the occipitomastoid suture, serves as a practical
and reliable external landmark for estimating the

position of the vertical segment of the sigmoid
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