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Abstract

Aim: The parapetrosal triangle, which is one of the landmarks and regions
determined to provide orientation to the skull base, has the importance that it can
guide the topographic anatomy of the paraclival region from an exocranial
perspective. The study aimed to determine the topographic anatomy of the
parapetrosal region and the relationships between the distances between the
foramina within the triangle.
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Introduction

The base of the skull, which forms the base of the cranial
cavity, both connects the anatomical structures in the
neck to the cranial cavity and surrounds the brain,
separating it from other anatomical structures (1-3). The
base of the skull is a very complex structure with many
foramina where nerves and vessels enter and exit,
muscle attachment surfaces, and bony protrusions (1, 2).
Due to the presence of these complex structures, the
base of the skull is a difficult region for neurosurgeons
and oncosurgeons. The surgical approaches to this region
have not yet been standardized (3-6). Neurosurgeons
have attempted to compensate for this complexity by
establishing various relationships between the
anatomical structures at the skull base in order to orient
the skull base to guide surgical dissections (7).

The parapetrosal triangle, which is one of the
landmarks and regions determined to provide orientation
to the skull base, was first described in 2005 by Ulug et
al. The importance of this area is that it can guide the
topographic anatomy of the paraclival region from an
exocranial perspective (3, 7). The parapetrosal triangle
is also one of the useful guides during the infratemporal
fossa approach, the middle cranial fossa internal and
posterior approaches (8-10). Briefly, this triangle is the
region between the spinopterygoidal line (spine of Henle
to foramen ovale) bispinal line (between 2 spines of
Henle), and midsagittal line (posterior margin of the
medial pterygoid plate) on both the right and left sides
(6, 7). The vertices of this triangle are formed by the
intersection of the spinopterygoidal, bispinal, and
midsagittal lines. These lines can be described as
follows: the bispinal line lies between the two spines of
Henle, the spinopterygoidal line extends from the spine
of Henle at the posterior margin of the medial pterygoid
plate to the medial margin of the foramen ovale, and the
midsagittal line originates at the posterior margin of the
medial pterygoid plate and is essentially the right
bisector of the bispinal line (6, 9).

The parapetrosal triangle encompasses almost all
the major structures of the skull base (10). Within the
boundaries of the parapetrosal triangle are very
important skull base foramina and the anatomical
structures that pass through these foramina. The main
important anatomical structures within the boundaries
of the triangle are the sphenoid spine, foramen
spinosum, foramen ovale, root of lateral and medial
pterygoid plate, vomer, stylomastoid foramen, jugular
foramen, occipital condyle, external orifice of
hypoglossal canal, foramen magnhum, petrosal internal
carotid artery, jugular bulb, petrosal nerves, foramen
spinosum (6, 9).

The aim of the study was to determine the
topographic anatomy of the parapetrosal region and to
determine the correlation between the distances
between the foramina within the triangle.

2 JOMDI

Materials and Methods

The study was carried out on a total of 17 bones
belonging to 34 sides in the Anatomy Departments of
Bilecik Seyh Edebali University and Harran University
Medical Faculties. Bones with deformities or fractures in
the measured area were excluded from this study. The
age and gender of the bones are unknown. The
photographs were taken in a stable position, using the
ruler on the sides for the calibration. The photos were
measured in centimeters after their calibrations. The
measurements were performed by the same researcher.
Eighteen parameters were determined to be examined
on digital images, and all measurements were carried out
by the same researcher on both sides (Fig. 1).

While determining the measurement parameters,
Henle's spine (HS), bispinal line, and spinopterygoidal
line, which are the reference points of the parapetrosal
triangle, were used (6,9).

The following measurements are (9):

1. The distance between the HS and midline

2. The distance between the HS and midline on
the spinopterygoid line (line passing through
the oval foramen from HS to the midline)

3. The distance between the points where the
midline intersects the spinopterygoid line and
the spinal line

4. The distance between the HS and the lateral
tip of the foramen jugulare

5. The distance between the HS and the medial
tip of the foramen jugulare

6. The distance between the HS and the lateral
tip of the canalis caroticus

7. The distance between the HS and the medial
tip of the canalis caroticus

8. The distance between the HS and the anterior
tip of the foramen lacerum

9. The distance between the HS and the
posterior tip of the foramen lacerum

10. The minimum length of the foramen jugulare

11. The maximum length of the foramen jugulare

12. The minimum length of the canalis caroticus

13. The maximum length of the canalis caroticus

14. The minimum length of the foramen lacerum

15. The maximum length of the foramen lacerum

16. The angle between the bispinal line and
spinopterygoidal line

17. The angle between the bispinal line and
midline

18. The angle between the
spinopterygoidal line

midline and

Statistical analysis

Analyses were performed by using IBM SPSS 26.0 software
(IBM Inc., Armonk, NY, USA).
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Normality values of the parameters were evaluated
with the Kolmogorov-Smirnov test. Student's T-test and
Mann-Whitney U test were used for right and left-side

comparisons. It was aimed to determine the relationship
between variables through Pearson and Spearman
correlation analyses (p<0.05).

Figure 1. The dashed yellow lines show the parapetrosal triangle, and the measured

parameters are included in the figure.

Results

Descriptive statistics for each parameter are given as
meanz standard deviation in centimeters for both sides
(Table 1). It was observed that there was no difference
between the sides for any variable. The distance
between the HS and midline was 5.37+0.68 cm for the
right side and 5.39+0.60 cm for the left side. The bispinal
distance value was obtained by adding the right and left
midline distances, and this was determined to be
10.76+1.22 cm on average. The spinopterygoidal line
distance was also 6.70+0.81 cm and 6.75+0.86 cm for the
right and left sides, respectively. The distance between
the points where the midline intersects the
spinopterygoid line and the spinal line has been
determined as 3.94+0.74 cm for the right and 4.01+0.82
cm for the left side. The internal angle values of the
parapetrosal triangle that emerges when these edges are
joined have been evaluated in the study. Accordingly,
the angle between the bispinal line and spinopterygoidal
line were 36.36°+5.07° and 35.73°+5.22°; the angle
between the bispinal line and midline were 89.63°+2.30°
and 84.10°-93.65°; the angle between the midline and
spinopterygoidal line were 53.75°+5.03° and 45.91°-
66.16° for the right and left side respectively. The
distances of the HS to the edges of the foramen lacerum,
canalis caroticus, and foramen jugulare and the
morphometric data of the foramens and canal were also
given in Table 1.
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As a result of correlation analysis, it was observed that
there were high correlation coefficient values between
some parameters. It was determined that these values
were largely similar for the right and left sides. Among
these coefficient values, results with values of 0.70 and
above were evaluated in the study. It was observed that
bispinal distance was especially highly correlated with
some parameters. The distance between the HS - midline
was correlated with the bispinal line, and the r value was
0.944 for the right and 0.945 for the left side. The
distance between the HS and midline on the
spinopterygoid line was also correlated with the bispinal
line, and the r value was 0.737 and 0.827 for the right
and left sides, respectively. High correlation coefficients
were found between the distance of the HS to the
median error and the spinopterygoidal line length
(r=0.806 for the right and r=0.836 for the left). It was
observed that there was a relationship between the
distance of the HS to the median line and the distance of
the HS to the foramen lacerum. The r value for the
distance from the anterior margin of the foramen
lacerum was 0.814 on the right and 0.863 on the left,
while the correlation coefficient for the distance from
the posterior margin of the foramen was 0.890 for the
right and 0.907 for the left. Similar correlations were
detected for the foramen lacerum, the distance between
the HS and midline on the spinopterygoid line, and the
distance between the points where the midline
intersects the spinopterygoid line and the spinal line
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Table 1. Descriptive statistics of the parameters as given meanzstandart deviation (cm)

Right Left

Parameter MeanSD Range MeanSD Range p-value
1 5.37+0.68 4.11-6.35 5.39+0.60 4.45-6.40 0.951
2 6.70+0.81 5.22-8.19 6.75+0.86 5.41-8.15 0.858
3 3.94:0.74 2.53-5.53 4.01+0.82 2.88-5.61 0.792
4 1.68+0.29 1.24-2.26 1.78+0.39 1.25-2.41 0.395
5 3.15:0.41 2.46-3.95 3.15£0.37 2.53-3.91 0.997
6 2.23+0.36 1.59-2.85 2.3320.40 1.56-3.05 0.469
7 3.01+0.38 2.35-3.74 3.10£0.47 2.14-4.00 0.542
8 4.70+0.65 3.77-5.85 4.77+0.70 3.61-5.79 0.767
9 4.23+0.71 3.18-6.05 4.25+0.55 3.45-5.15 0.936
10 0.68+0.21 0.28-1.14 0.58+0.19 0.27-0.95 0.144
11 1.48+0.25 0.92-1.83 1.37+0.32 0.94-1.91 0.299
12* 0.53+0.06 0.36-0.60 0.53+0.09 0.42-0.74 0.946
13 0.80+0.09 0.65-0.91 0.75+0.13 0.53-1.09 0.168
14 0.54+0.17 0.31-0.85 0.56+0.17 0.33-0.89 0.744
15 1.22+0.22 0.80-1.63 1.20+0.28 0.75-1.64 0.855
16 36.36°+5.07° 24.20°-43.30° 35.73°45.22° 24.77°-47.06° 0.724
17 89.63°+2.30° 85.30°-95.13° 90.14°+2.61° 84.10°-93.65° 0.549
18 53.75°+5.03° 46.58°-66.96° 54.48°+5.55° 45.91°-66.16° 0.690

*Non-parametric variable

For angular measurements, the angle between the
bispinal line and spinopterygoidal line and the angle
between the midline and spinopterygoidal line were also
correlated (r=-0.944 for the right and r=-0.830 for the
left side). The parameters and correlation coefficient
values related to each other are given in Table 2. It was
determined that there was no correlation between the
angular values and linear parameters. Since statistically
low coefficient correlation values would have low
regression values, these values were not evaluated in the

This study aimed to determine the topographic
anatomy of the parapetrosal region and the
relationships between the distances between
the foramina within the triangle.

study. Regression analysis was performed to estimate the
relevant anatomical structures using parameters with
high correlation between them, and some formulas were
produced. The formulas produced are shown in Table 3.
The best formula was for the distance between the HS
and midline; the formula was 0.005 + (0.005 x length of
the bispinal line). The adjusted R? value was 0.899, and
the standard error was 0.20.

A graphical illustration of the study is shown in
Figure 2.

As a result of this study; The high-reliability models
that the authors created by taking the parapetrosal
triangle as a reference, the authors reporting that
Henle's spine is a reliable reference point by the
literature with a different method. In addition, the
researchers believe that the study will be an

p

t guide for surgeons.

Figure 2. Graphical illustration of the study
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Table 2. Correlations between the parameters and r values

r value

Correlated Parameters Right Left
The distance between the HS and midline - the distance between the HS and midline on the 0.806 0.836
spinopterygoid line

The distance between the HS and midline - the distance between the HS and the medial tip of the 0.718 0.747
foramen jugulare

The distance between the HS and midline - the distance between the HS and the anterior tip of 0.814 0.863
the foramen lacerum

The distance between the HS and midline - the distance between the HS and the posterior tip of 0.890 0.907
the foramen lacerum

The distance between the HS and midline on the spinopterygoid line - the distance between the 0.738 0.829
points where the midline intersects the spinopterygoid line and the spinal line

The distance between the HS and midline on the spinopterygoid line - the distance between the HS 0.873 0.760
and the anterior tip of the foramen lacerum

The distance between the HS and midline on the spinopterygoid line - the distance between the HS 0.863 0.708
and the posterior tip of the foramen lacerum

The distance between the HS and the lateral tip of the foramen jugulare - the distance between 0.826 0.809
the HS and the lateral tip of the canalis caroticus

The distance between the HS and the lateral tip of the foramen jugulare - the distance between 0.786 0.823
the HS and the medial tip of the canalis caroticus

The distance between the HS and the medial tip of the foramen jugulare - the distance between 0.870 0.777
the HS and the lateral tip of the canalis caroticus

The distance between the HS and the medial tip of the foramen jugulare - the distance between 0.869 0.786
the HS and the medial tip of the canalis caroticus

The distance between the HS and the medial tip of the foramen jugulare - the distance between 0.738 0.862
the HS and the posterior tip of the foramen lacerum

The distance between the HS and the lateral tip of the canalis caroticus - the distance between 0.952 0.972
the HS and the medial tip of the canalis caroticus

The distance between the HS and the lateral tip of the canalis caroticus - the distance between 0.802 0.762
the HS and the anterior tip of the foramen lacerum

The distance between the HS and the lateral tip of the canalis caroticus - the distance between 0.725 0.826
the HS and the posterior tip of the foramen lacerum

The distance between the HS and the medial tip of the canalis caroticus - the distance between 0.833 0.829
the HS and the anterior tip of the foramen lacerum

The distance between the HS and the medial tip of the canalis caroticus - the distance between 0.728 0.838
the HS and the posterior tip of the foramen lacerum

The distance between the HS and the anterior tip of the foramen lacerum - the distance between 0.904 0.818
the HS and the posterior tip of the foramen lacerum

The distance between the HS and midline - the distance between the bispinal line 0.944 0.945
The distance between the HS and midline - the distance between the HS and midline on the 0.737 0.827
spinopterygoid line

The distance between the HS and midline - the distance between the HS and the medial tip of the 0.720 0.766
foramen jugulare

The distance between the HS and midline - the distance between the HS and the posterior tip of 0.880 0.855

the foramen lacerum

The angle between the bispinal line and spinopterygoidal line - the angle between the midline and -0.944 -0.830
spinopterygoidal line
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Table 3. Linear regression equations estimating the morphometric features of anatomical structures at the skull

base with reference to the length of the bispinal line

Equation Adjusted Standard error
R? of the estimate

The distance between the HS and midline =

0.005 + (0.005 x length of the bispinal line) 0.899 0.20

The distance between the HS and midline on the spinopterygoid line = 0.661 0.48

0.659 + (0.564 x length of the bispinal line)

The distance between the HS and the medial tip of the foramen jugulare = 0.557 0.2

0.546 + (0.0.242 x length of the bispinal line)

The distance between the HS and the lateral tip of the canalis caroticus = 0.345 0.30

0.227 + (0.191 x length of the bispinal line)

The distance between the HS and the medial tip of the canalis caroticus = 0.444 0.32

0.469 + (0.240 x length of the bispinal line)

The distance between the HS and the anterior tip of the foramen lacerum = 0.717 0.35

-0,374+ (0.475 x length of the bispinal line)

The distance between the HS and the posterior tip of the foramen lacerum = 0.678 0.36

-0.395 + (0.431 x length of the bispinal line)

Discussion

Henle's spine is frequently used by surgeons because it
can be easily localized and is a reliable point in
interventions on the skull base. It is also of particular
importance because it forms the outer border of the
parapetrosal triangle, which contains important skull
base formations such as the internal carotid artery,
jugular bulb, some important cranial nerves, and the
intracranial passage of the middle meningeal artery. In
addition to the already limited literature information, we
tried to localize this point clearly in the existing study,
and with the high-rate regression formulas we obtained,
we showed that this point is reliable with mathematical
models. Determining the precise intervention areas and
distances specific to the person rather than guessing will
guide surgeons in the interventions to be made in the
region through the formulas obtained. With this study,
we have also shown that Henle's spine, which is used as
a reference in many surgical procedures and is stated as
reliable in the literature (11,12), is a suitable point
within the parapetrosal triangle and its structure.

When we compared the obtained data with the
literature, we saw that some parameters had lower
values than existing studies. The linear distance values
between HS and the lateral margin of the carotid canal
were determined as 2.23+0.36 cm for the right and
2.33+0.40 cm for the left. The linear distance values
between HS and the medial margin of the carotid canal
were also determined as 3.01+0.38 cm for the right and
3.10+0.47 cm for the left in our study. Ulug et al.
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reported 28.7+3.7 mm for the HS and the lateral margin
of the carotid canal and 34.5+2.0 mm for the HS and the
medial margin of the carotid canal without distinction
was made between the right and left sides. The linear
distance between HS and the anterior tip of the foramen
lacerum was 4.70£0.65 cm for the right and 4.77+0.70
cm for the left side. The linear distance between HS and
the posterior tip of the foramen lacerum was 4.23+0.71
cm for the right and 4.25+0.55 cm for the left side. Ulug
et al. described these values as anteromedial margin of
the foramen lacerum and reported as 47.0+2.1 mm. The
distance between HS and the posterolateral margin was
also reported as 52.6+2.3 mm. For the jugular foramen,
the only reported distance between the HS and
posterolateral margin of the jugular foramen was
23.4+2.3 mm. In our study, the HS and lateral margin of
the foramen lacerum were 1.68+0.29 cm and 1.78+0.39
cm for the right and left sides, respectively. When
compared with this study, it is seen that our data have
lower values. We think that this may be due to the
difference in method since the measurement results of
Ulug et al. were made with a caliper (3). We can say
that, as far as we know, the angular measurements
measured within the study are new in the literature, and
therefore there is no data to compare. The age of the
skulls, the year, and the region they belong to are not
known. For this reason, differences in measurements
may be expected results. There are studies showing that
climate and geography have an effect on skull
measurements (13).

The data in the literature are linear distance
measurements and provide information about the
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topography of the region. In this study, in addition to the
literature, we have shown the structure of the relevant
region specific to the person through the correlation and
relationships between anatomical structures with a
different statistical approach.

A relational and functional understanding of skull
base anatomy through appropriate mnemonic devices
allows a neurosurgeon to maintain familiarity with
regional anatomy despite potentially adverse conditions
(3,14), such as distortion of native anatomy caused by a
skull base tumor or subarachnoid hemorrhage (3). This
distortion makes navigating complex regional anatomy
intraoperatively more difficult, but relying on familiar
landmarks can help the surgeon avoid potential
complications. Being aware of the geometric
relationships represented by the cranial triangles allows
surgeons to quickly orient themselves according to the
skull anatomy (3). The study shows a significant
correlation between the common skull base cranial
approaches and the parapetrosal triangle and some
important anatomical structures within it that the
surgeon should pay attention to during dissection. The
importance of this area is that it can provide a guide to
regional paraclival anatomy from an exocranial
perspective. Using the regression formulas created using
the relationship between the triangle and the anatomical
formations within it, personalized and more reliable
intervention areas were created. A different perspective
was added to the field with the mathematical approach.

Limitations

The limitations of the study include the unknown age and
gender of the bones used and the small number of bones.
The study has shown that the parapetrosal triangle and
the formations within it are correlated, and we
recommend working with a larger number of bones of
known size.

Conclusion

The parapetrosal triangle and the structures forming its
border are important reference points in cranial
surgeries. As a result of the high-reliability models that
we created by taking the parapetrosal triangle as a
reference, we showed that Henle's spine is a reliable
reference point by the literature with a different
method. Being able to predict the relationship between
important anatomical structures in the interventions to
be performed in the region can be a good guide for
surgeons.
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