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ABSTRACT

AIM: To compare the morphometric characteristics of the foramen ovale (FO) and foramen rotundum (FR), and their localization
in the middle cranial fossa on the head and neck computed tomography images of patients with trigeminal neuralgia (TN) and
asymptomatic individuals.

MATERIAL and METHODS: The FO and FR length, width, and area parameters were examined in 158 asymptomatic individuals
and 19 patients with TN. Their localization in the middle cranial fossa was determined according to the sagittal (y) axis passing
through the middle of the dorsum sella and connecting the foremost point and the rearmost point of the skull and the transverse (x)
axis passing through the middle of this axis. In the comparison with asymptomatic individuals, data on the painful side of patients
with trigeminal neuralgia were used.

RESULTS: The mean width of the FO and its distance from the transverse axis were determined to be 3.36 + 0.79 mm and 1.44 +
0.39 mm in asymptomatic individuals and 2.88 + 0.83 mm and 1.23 + 0.45 in TN patients, respectively. These FO parameters were
statistically significantly smaller in patients with TN. In asymptomatic individuals, while the mean width of the FR was determined
to be 2.05 + 0.48 mm, the mean length was 2.14 + 0.47 mm, and its distances to the transverse axis and sagittal axis were found
to be 2.65 + 0.35 mm and 1.96 + 0.25 mm, respectively. In patients with TN, while the mean width of the FR was revealed to be
1.77 £ 0.46 mm, the mean length was 1.78 + 0.42 mm, and its distances to the transverse axis and sagittal axis were found to be
2.33 £ 0.40 mm and 1.87 + 0.16 mm, respectively. These FR parameters were statistically significantly smaller in patients with TN.

CONCLUSION: Statistically significantly smaller dimensions of the FO and FR and their distances to the sagittal and transverse
axes in patients with TN suggested that they might be among the causes of TN.

KEYWORDS: Maxillary nerve, Mandibular nerve, Pain, Foramen vesalii, Middle cranial fossa

ABBREVIATIONS: TN: Trigeminal neuralgia, FO: Foramen ovale, FR: Foramen rotundum, FV: Foramen Vesalii

§ INTRODUCTION despite its history of over three hundred years. Probably, that

pain in the facial region. It may be a devastating disease
that disrupts the patient’s professional and social life
depending on the frequency and intensity of pain paroxysms
and the degree of pain control. Its exact cause is unknown

Trigeminal neuralgia (TN) represents one of the causes of

is the reason for common medical treatment failures. The most
common cause of TN is the focal compression of the trigeminal
nerve root entry zone by an artery or vein. Nevertheless, TN
may also occur in the absence of vascular compression, or
an asymptomatic patient may have neurovascular contact
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(2,12,23). The prevalence of TN in the general population
is about 3-5 cases/100,000 individuals, and the incidence
ranges from 4.5 to 28.9 cases/100,000/year, increasing with
age (17).

The foramen ovale (FO) is located in the posterior part of the
sphenoid greater wing. Structures such as the mandibular
nerve, emissary vein, lesser superficial petrosal nerve, and
accessory meningeal artery pass through it. It is one of the
important foramina located in the transition zone between the
extracranial and intracranial structures (8). The FO is also an
important structure of the cranium anatomy, which is crucial in
neurosurgery since it provides access to the trigeminal nerve
(16).

The foramen rotundum (FR) is a foramen present in the
greater wing of the sphenoid bone and located in the fossa
cranii media, and the maxillary nerve passes through it (5).
The FR is located adjacent to the nasopharynx and is often
invaded by nasopharyngeal cancer and other malignant brain
tumors. The FR is also very close to the pterygopalatine fossa,
pterygoid canal, and palatovaginal canal, which is important in
transsphenoidal sinus surgery (1).

There are studies examining the correlation between the
diameters of the FO and FR and TN (2,10). While some of
these studies reported that the narrow diameter of the FO and
FR might be the cause of TN (10), some studies suggested
that there was no relationship between the diameter of these
foramina and TN (2). Different results regarding this issue that
we encountered in the literature pushed us to conduct this
study. Furthermore, we planned to investigate whether there
was a relationship between the localization of these foramina
in the middle cranial fossa and TN.

Considering the clinical significance of the structures such
as the FO and FR described above, we aimed to investigate
the morphometric and morphological characteristics and
localization of these structures in patients with TN and
asymptomatic individuals.

B MATERIAL and METHODS

The present study was conducted retrospectively on the head
and neck computed tomography (CT) images of individuals
without any pathology or symptoms in the head and neck
region and patients with TN between 2010-2019. Approval
was obtained from the Clinical Research Ethics Committee for
the study. In this study, the dimensions and localizations of
the FO and FR in 158 asymptomatic individuals (81 females,
77 males) aged between 20 and 92 years (mean 55.03 =
19.01) and 19 patients with TN aged between 21 and 81 years
(mean 55.32 + 17.48) were examined. It was determined that
the symptoms in patients with TN were on the right side in
8 patients, on the left side in 9 patients, and bilateral in 2
patients.

Head and neck CT images were obtained from the hospital’s
“Picture Archiving and Communicating System” in the
Radiology Department. Patients with any tumors or fractures
on head and neck CT images were not included in the study.
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Metabolic bone conditions that might affect bone tissue,
such as osteoporosis, were not questioned in patients. CT
images were obtained by a multidetector 128 slice SOMATOM
Definition AS Siemens (Siemens Healthcare, Erlangen,
Germany) computed tomography device using the following
parameters: 120 kV, slice thickness=1 mm, matrix=512x512,
collimation=128x0.6 slice increment=0.7 pitch =0.8 FOV
(Field of View) (250-300). A 3D reconstruction was created
from the scanned axial images using the RadiAnt DICOM
Viewer 2020.2 version program. After the 3D-CT image of the
cranium was obtained, the calvaria was removed by taking
a transverse section passing through the upper edge of the
orbit and extending parallel to the Frankfurt plane. Then, the
following axes were determined by looking at the cranium
from the top.

y-axis: It was considered as the sagittal axis passing through
the middle of the dorsum sella and connecting the foremost
point and the rearmost point of the cranium (Figure 1A, B).

x-axis: It was considered as the axis extending from the middle
of the y-axis in the transverse direction on the transverse
plane (Figure 1A, B).

The following parameters for the morphometry of the foramina
were measured using the RadiAnt DICOM Viewer 2020.2
version program.

¢ The FO length and width

e The FO coordinates (the distance of the center of the FO to
the x and y-axes) (Figure 1A)

e The FO area
e The FO shape
¢ The FR length and width

* The FR coordinates (the distance of the center of the FR to
the x and y-axes) (Figure 1B)

¢ The FR area
Statistical Analysis

Statistical analysis was conducted using the SPSS Inc. SPSS
for Windows 20.0 program. According to side and sex, the
arithmetic means and standard deviations of the parameters
were determined in asymptomatic individuals and patients
with TN. In pairwise comparisons, the independent samples
t-test was performed for parameters with normal distribution,
and the Mann-Whitney U test was conducted for parameters
without normal distribution.

B RESULTS

When all parameters were compared by sex in asymptomatic
individuals and patients with TN, a statistically significant
difference was determined between sexes in the FO and FR
dimensions in asymptomatic individuals and only in the FR
width in patients with TN (Table I).

In the comparisons performed between the right and left sides
in asymptomatic individuals and between the painful and
pain-free sides in patients with TN, a statistically significant
difference was observed between the painful and pain-free
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Figure 1: Distances of the foramen ovale
and rotundum to the x and y-axes.

Table I: Averages and p-values of All Parameters According to Sex in Asymptomatic Individuals and Patients with Trigeminal Neuralgia

Trigeminal neuralgia

Asymptomatic individuals (painful side)

Parameters Sex n Mean=Std n Mean =+ Std
deviation P deviation P

Female 162 5.71 £0.92 15 5.22 +1.49

Length (mm) <0.001* 0.479
Male 154 6.21 + 0.96 6 5.77 +1.75
Female 162 3.25+0.77 15 2.90 + 0.92

Width (mm) 0.009* 0.870
Male 154 3.48 + 0.80 6 2.83 +0.63
Female 162 14.29 + 5.54 15 13.25 +7.36

FO Area (mm?) <0.001* 0.733
Male 154 16.62 + 5.75 6 14.52 + 8.38
Female 162 1.44 £ 0.38 15 1.20 £+ 0.43

Distance to x-axis (cm) 0.826 0.657
Male 154 1.43 £ 0.41 6 1.30 + 0.51
Female 162 2.56 +0.18 15 2.54 +0.15

Distance to y-axis (cm) <0.001* 0.789
Male 154 2.66 + 0.21 6 2.56 + 0.10
Female 162 2.07 £ 0.42 15 1.86 £ 0.45

Length (mm) 0.008* 0.169
Male 154 2.22 +0.52 6 1.57 £ 0.29
Female 162 1.99 + 0.41 15 1.93 £ 0.43

Width (mm) 0.028* 0.013*
Male 154 2.11 +£0.53 6 1.39 + 0.33
Female 162 3.29 +0.32 15 3.13 £ 1.46

FR Area (mm?) 0.099 0.189
Male 154 2.69 +0.37 6 2.20+1.25
Female 162 2.62 +0.32 15 2.30 £ 0.40

Distance to x-axis (cm) 0.066 0.578
Male 154 2.69 + 0.37 6 2.41 £ 0.45
Female 162 1.92 £0.25 15 1.89+£0.18

Distance to y-axis (cm) 0.008* 0.486
Male 154 1.99 + 0.25 6 1.83 + 0.09

* p<0.05, FO: Foramen ovale, FR: Foramen rotundum.
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sides only in the distance of patients with TN to the y-axis
(p=0.020) (Table Il). Furthermore, the right and left localizations
of the FO and FR in asymptomatic individuals and the
localization of only the symptomatic sides in patients with TN
are presented in graphs (Figure 2).

Upon examining the FO shape in asymptomatic individuals
and patients with TN, we most frequently found the “oval”-
shaped FO in both asymptomatic individuals and patients
with TN (Table llI).

In the present study, we detected the foramen Vesalii (FV) in
11 of the asymptomatic individuals (on the right side in 4 of
them, on the left side in 5 of them, bilaterally in 2 of them) and
asecond FO in 1 (on the right side) individual. Furthermore, we
determined that 3 FOs (2 on the right side, 1 on the left side)
were incomplete (seemed to be connected with the foramen
lacerum), and that there was 1 (right) spiny protrusion in the
foramen, and finally, 1 (left) tubercle in the foramen. In patients
with TN, no foramen was observed, except for only one FO
on both sides.

*FOAS *FRAS @FOTN *FRTN

4

Figure 2: Distribution chart of the localizations of the foramen
ovale and rotundum in asymptomatic individuals and patients
with trigeminal neuralgia according to the x and y-axes (R: right,
L: left, FO AS: foramen ovale in asymptomatic individuals, FR AS:
foramen rotundum in asymptomatic individuals, FO TN: foramen
ovale in patients with trigeminal neuralgia, FR TN: foramen
rotundum in patients with trigeminal neuralgia).

Table II: Averages and p-values of All Parameters According to Sides in Asymptomatic Individuals and Patients with Trigeminal Neuralgia

Asymptomatic individuals

Trigeminal neuralgia

Parameters Side n Mea_n :_S td P Side n Mea_n :_S td
deviation deviation
Right 158  6.05 =+ 1.01 Painful 21 5.38 + 1.54
Length (mm) 0.085 0.748
Left 158  5.86 +0.92 Pain-free 17 5.53 +1.38
Right 158 3.35+0.83 Painful 21 2.88 £ 0.83
Width (mm) 0.784 0.857
Left 158 3.37£0.75 Pain-free 17 2.83 +0.68
Right 158 15.59 +6.10 Painful 21 13.61 + 7.47
FO  Area (mm? 0.619 0.946
Left 158 15.26 + 5.39 Pain-free 17 13.77 + 6.67
Right 158 1.41+£0.40 Painful 21 1.23+0.45
Distance to x-axis (cm) 0.293 0.847
Left 158  1.46 +0.39 Pain-free 17 1.20 £ 0.47
Right 158 2.61+0.19 Painful 21 2.55+0.13
Distance to y-axis (cm) 0.879 0.186
Left 158  2.61 +0.21 Pain-free 17 2.61+0.15
Right 158 2.14 +0.43 Painful 21 1.78 £ 0.42
Length (mm) 0.904 0.191
Left 158 2.15+0.52 Pain-free 17 1.96 + 0.39
Right 158 2.083+0.45 Painful 21 1.77 + 0.46
Width (mm) 0.352 0.280
Left 158 2.08 +£0.50 Pain-free 17 1.91 £ 0.31
Right 158  3.42 +1.48 Painful 21 2.86 +1.44
FR  Area (mm? 0.749 0.328
Left 158 3.53+1.70 Pain-free 17 3.29 +1.18
Right 158 2.66 +0.36 Painful 21 2.33 +0.40
Distance to x-axis (cm) 0.641 0.910
Left 158 2.64 +0.34 Pain-free 17 2.32 £ 0.41
Right 158 1.95+0.26 Painful 21 1.87 £ 0.16
Distance to y-axis (cm) 0.486 0.020*
Left 158 1.97 +0.25 Pain-free 17 2.04 £ 0.26

* p<0.05, FO: Foramen ovale, FR: Foramen rotundum.
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As a result of the comparison between the mean values of the
sum of both sides in asymptomatic individuals and the mean
values of the painful sides in patients with TN, significant
differences were observed in some parameters related to the
dimensions and localizations of the FO and FR (Table V).

Table llI: Frequency of the Shapes of the Foramen Ovale

Shape of the AS_V"]p_tomatlc Trlgemlr!al
foramen ovale individuals neuralgia
n (%) n (%)

Almond 47 (14.9) 4 (19)
Kidney 6(1.9) -
Oval 256 (81) 17 (81)
Round 7(2.2) -
Total 316 (100) 21 (100)
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B DISCUSSION

TN represents the most important disease of the trigeminal
nerve. The vascular compression of the dorsal root of the
trigeminal nerve by the abnormal loop of blood vessels is now
considered the most common cause of TN. It has been reported
that the incidence of TN is more common in females compared
to males and is twice as high on the right side compared to
the left side (11,12). However, there are no anatomical reasons
for the folds of blood vessels to be more frequent on the right
side of the cranial fossa. Moreover, vascular compression has
been reported in asymptomatic patients and patients with TN
without abnormal blood vessels. Therefore, the idea that the
cause of TN is vascular compression alone has been excluded
(12). In cases in which neurovascular compression has been
excluded, it has been suggested that a narrow FO and FR may
be etiologically important in patients with TN (10).

Many studies examining the FO dimensions have been
conducted. Patil et al. revealed that the mean length of the
FO in dry bones was 7.0 mm on the right side and 6.8 mm

Table IV: Comparison of FO and FR Parameters Between the Painful Sides of Patients with Trigeminal Neuralgia and Asymptomatic

Individuals
Parameters Group Number of sides Mean+Std deviation (Range) P
Asymptomatic 316 5.95 + 0.97 (3.58-8.94)
Length (mm) 0.107
TN painful side 21 5.38 + 1.54 (3.21-8.93)
Asymptomatic 316 3.36 + 0.79 (2.05-6.34)
Width (mm) 0.008*
TN painful side 21 2.88 + 0.83 (1.54-5.20)
Asymptomatic 316 15.42 + 5.75 (4.69-35.59)
FO  Area (mm?) 0.288
TN painful side 21 13.61 + 7.47 (4.51-29.78)
Asymptomatic 316 1.44 £ 0.39 (0.60-2.58)
Distance to x-axis (cm) 0.021*
TN painful side 21 1.23 £ 0.45 (0.62-1.99)
Asymptomatic 316 2.61 £0.20 (1.83-3.18)
Distance to y-axis (cm) 0.165
TN painful side 21 2.55 +0.13 (2.23-2.87)
Asymptomatic 316 2.14 £ 0.47 (0.90-4.60)
Length (mm) 0.001*
TN painful side 21 1.78 + 0.42 (1.19-2.86)
Asymptomatic 316 2.05 + 0.48 (1.03-4.30)
Width (mm) 0.011*
TN painful side 21 1.77 + 0.46 (1.07-2.68)
Asymptomatic 316 3.47 +1.59 (0.77-13.17)
FR  Area (mm?) 0.088
TN painful side 21 2.86 + 1.44 (0.95-5.67)
Asymptomatic 316 2.65 + 0.35 (1.76-3.67)
Distance to x-axis (cm) <0.001*
TN painful side 21 2.33 £ 0.40 (1.65-2.90)
Asymptomatic 316 1.96 = 0.25 (1.23-2.75)
Distance to y-axis (cm) 0.036*
TN painful side 21 1.87 + 0.16 (1.51-2.28)

* p<0.05, FO: Foramen ovale, FR: Foramen rotundum, TN: Trigeminal neuralgia.
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on the left side and that its width was 5.0 mm on the right
side and 4.7 mm on the left side (13). In their study on dry
bones, Somesh et al. (16) found that the mean length of the
FO was 7.64 mm on the right side and 7.56 mm on the left
side. Furthermore, they determined that the mean width was
5.12 mm on the right side and 5.24 mm on the left side and
that the difference between the sides was not statistically
significant. In their study on dry skulls, Gupta and Gupta
reported that the FO had a mean length of 7.44 (3.58-12.97)
mm and a mean width of 4.13 (2.42-8.5) mm (3). Somesh et al.
determined that the area of the FO was 30.80 mm? and 31.31
mm?, respectively, on the right and left sides in dry skulls (16).
Our findings on the length and width parameters are similar
to other studies. However, the FO area found by Somesh
et al. was quite different from our results (16). In their study,
unlike our study, the researchers did not measure the FO area
directly and calculated it with a formula using the length and
width of the FO (16). We considered that it was the reason for
the difference between our results.

Similar to our study, Gupta and Gupta investigated the FO
distance to the midline and reported that the FO center was
located approximately 2.5 cm from the midline in dry bones
(8). Their data on the distance to the midline correspond to the
distance to the y-axis in our study. In our study, the distance to
the y-axis was found to be 2.61 cm on the right and left sides
in asymptomatic individuals and 2.55 cm on the painful side
and 2.61 cm on the pain-free side in patients with TN. Their
results are quite similar to our results. This similarity makes us
think that the FO distance to the y-axis did not change in dry
skulls, asymptomatic individuals, and patients with TN.

Patil et al. indicated that the morphometric measurements of
the right and left-side FO showed an asymmetry in the South
Indian population, although they were statistically insignificant
(18). Furthermore, they also stated that the morphometry
of the FO differed in various countries and regions, and
therefore, a specific regional analysis of the FO should be
performed to help clinical and surgical procedures. Similar to
the findings obtained by Patil et al. (13), our research detected
no significant difference between the sides in any of the FO-
related parameters.

Several anatomical and radiological studies investigating the
FO dimensions in patients with TN were conducted (4,10,11).
In their study conducted on CT images, Hwang et al. reported
that the FO had a mean length of 8.18 + 0.82 mm (on the right
side: 8.11 + 0.97 mm, on the left side: 8.24+0.64 mm) and a
mean width of 4.06+0.86 mm (on the right side: 4.12 + 0.99
mm, on the left side: 4.01 £ 0.72 mm) in patients with TN (4).
They also found no significant difference between the right and
left sides. Liu et al. (10) reported that the mean length of the FO
was 7.38 + 1.09 mm on the painful side and 7.89 + 1.66 mm
on the pain-free side and that the mean width of the FO was
3.62 + 0.47 mm on the painful side and 4.19+0.87 mm on the
pain-free side on the CT images of patients with TN. They also
found that the FO length and width did not differ significantly
between the painful and pain-free sides. However, the width/
length ratio showed a significant difference. Therefore, Liu
et al. reported that the narrow FO might be etiologically
important in a small percentage of patients with TN (10). In our
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study, the mean length of the FO was found to be 5.38+1.54
mm (painful side: 5.38 + 1.54 mm, pain-free side: 5.53+1.38
mm), and the mean width of the FO was found to be 2.88 +
0.83 mm (painful side: 2.88 = 0.83 mm, pain-free side: 2.83
+ 0.68 mm) in patients with TN. The findings of our research
were slightly different from the two studies mentioned above.
We considered that this difference was caused by the fact that
the study conducted by Hwang et al. on Korean patients (4),
the study performed by Liu et al. on Chinese patients (10), and
both studies were conducted on 2D-CT images. Furthermore,
Hwang et al. reported the averages of the right-left sides
without making a distinction between painful and pain-free
sides in patients with TN (4).

When Hwang et al. evaluated the FO length and width
according to sex in patients with TN, they found that the FO
length was 8.24 mm on the right side and 8.32 mm on the
left side and the FO width was 4.09 mm on the right side
and 4.02 mm on the left side among males (4). At the same
time, they found that the FO length was 7.93 mm on the right
side and 8.13 mm on the left side and the FO width was 4.16
mm on the right side and 4.00 mm on the left side among
females. The results obtained by Hwang et al. were slightly
different from our results (4). We consider that the reason for
this may be that Hwang et al. conducted a study in a different
population and on 2D-CT images, and they did not make a
distinction between painful and pain-free sides in patients
with TN. Hwang et al. also reported no statistically significant
difference between the sexes in the FO dimensions (4). Their
results are similar to our study.

Cannulation procedures, including procedures using the
neuronavigation technology, sometimes become complicated
due to anatomical variations of the FO, and negative
consequences may occur due to incorrect cannulation.
Although the FO is generally considered oval-shaped, it
has also been reported as “round,” “irregular,” “almond,”
“banana,” “D-shaped,” “pear,” and “triangle” (18,19,22).
Although variations in the FO shape are normally present, a
careful evaluation of this foramen will help neurosurgeons to
know the FO shape in approaching the procedures that require
the FO cannulation due to its significance in neurosurgical
procedures.

When previous studies on the FO shape were compared, it
was observed that the FO shape varied considerably between
the studies, although the studies other than our study were
conducted in the Indian population (Table V). Although the
population studied was the same, we considered that the
reason for this difference between previous studies might be
the difference in the number of samples studied, the unknown
factors such as age and sex, and the authors’ subjective
interpretation of the figures.

In their study conducted on dry skulls, Kumar et al. stated
that the FR length and area were 2.9 mm and 8.82 mm?,
respectively, on the right side and 3.29 mm and 8.61 mm?,
respectively, on the left side (9). They also reported no
difference in the length and area parameters of the FR
according to sides and sex. While the value they found for the
FR mean length is similar to that in our study, the mean area is
different. This difference may be due to different populations
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Table V: Comparison of the Shapes of the Foramen Ovale in Previous Studies

n Round Oval Irregular Pinhole Almond Kidney Slit
Authors Population _ Meod o) (%) (%) (%) %) %) (%)
68
Tewari et al. (18) . Skull 55.56 33.33 3.96 7.14 - - -
Indian
82
Somesh et al. (16) . Skull 10.97 56.7 3.65 - 28.65 - -
Indian
. . 100
Khairnar and Bhusari (8) . Skull 7 76.5 - - 10.5 - 6
Indian
Present study 316
Asymptomatic Turkish 3D-CT 2.2 81 - - 14.9 1.9 -
Present study 38
Trigeminal neuralgia Turkish 3D-CT } 81.6 - - 18.4 - -

studied and their measurement of the FR area using a different
method (ImagedJ program). In our study, the FR dimensions
did not exhibit a statistically significant difference between the
right and left sides in asymptomatic individuals. When the FR
dimensions were compared according to sex, although the
length and width parameters were significantly higher in males,
no significant difference was found in the area parameter.
While the length and width parameters were significantly
different between sexes, the fact that the area parameter was
not significantly different may be due to the FR shape.

Erbagci et al. investigated the FR dimensions in patients with
TN (n=20) and the control group (n=24) (2). They found that the
FR mean dimension was 3.04x3.2 mm on the right side and
2.8x2.9 mm on the left side in patients with TN. In the control
group, they determined that the FR mean dimension was
2.4x3.2 mm on the right side and 2.5x3.1 mm on the left side.
Their results obtained for the control group are similar to those
in our study. However, our results were different from their
results for patients with TN. We considered that this difference
was caused by the fact that they only gave the averages for
the right and left sides in patients with TN, and they did not
provide information about the painful and pain-free sides as
in our study.

Liu et al. obtained the FR mean diameter to be 2.50 + 0.40 mm
on the painful side and 2.71 = 0.45 mm on the pain-free side
on the CT images of patients with TN (10). They also found
that the FR mean diameter was 2.52 + 0.43 mm on the right
side and 2.65 + 0.45 mm on the left side in the same patients
with TN. Although the FR mean diameter on the painful
side and the right side was narrower than the contralateral
side, they could not find a statistically significant difference
between the painful and pain-free sides (p=0.09) and between
the right and left sides (p=0.28). In the healthy and volunteer
groups, the researchers reported the FR mean diameter as
2.68 + 0.38 mm on the right side and 2.56 + 0.41 mm on the
left side. They indicated no significant difference between the
sides. Similar to their study, our study found no significant
difference between the right and left sides in asymptomatic
individuals in the FR dimensions. In the comparison between
painful and pain-free sides in patients with TN, although the
FR dimensions were smaller on the painful side, no statistically
significant difference was observed.

Erbagci et al. investigated the FO and FR dimensions on
the CT images of patients with TN and healthy volunteers
and suggested no relationship between the dimensions of
these foramina and TN (2). Contrary to the findings obtained
by Erbagci et al., when all parameters related to the FO and
FR in asymptomatic individuals and patients with TN were
compared in our study, the length and width of the FO and
FR (except for the FO length) were found to be statistically
significantly smaller in patients with TN (2). We consider that
the statistically significantly smaller length and width of the FO
and FR in patients with TN may explain the cause of TN.

The distances of the FO and FR to the x and y-axes (except for
the FO distance to the y-axis) were found to be significantly
shorter in patients with TN. We consider that the significantly
shorter distance of the FO to the x-axis in patients with TN
may be related to the narrower angle of the mandibular nerve
while progressing forward after exiting the FO. We think that
the fact that the FR distance to the y-axis was significantly
smaller in both patients with TN and on the painful side in
comparison with the pain-free side, in other words, the
presence of the FR in the more medial side may be the cause
of TN associated with the FR, which can be explained by the
fact that the maxillary nerve made a narrower angle towards
the anteromedial while entering the FR. However, these ideas
just remain as comments. We consider that our study alone
is not enough in this regard, and further studies should be
conducted.

The sphenoid bone contains numerous foramina providing the
extracranial passage of nerves and venous plexuses. The FV
is one of these foramina (9,15). The FV connects the pterygoid
plexus with the cavernous sinus and transmits a small
emissary vein draining the cavernous sinus. The significance
of the said channel is based on the fact that it offers a way
for the infection to spread from an extracranial source to the
cavernous sinus. The FV is a small and inconstant channel. It is
located between the FO and FR and anteromedially to the FO in
an intracranial view (7,15). Due to the close proximity of the FV
with the FO, while treating TN by the radiofrequency rhizotomy
method, it can be inserted iatrogenically with a needle placed
into the FV by mistake, and serious complications such as
intracranial bleeding may occur. Therefore, it is important to
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know the frequency of the FV, and it has been reported in a
wide range at varying rates in the literature (15). Williams et
al. reported that the FV was sometimes found in dry skulls by
8.5% (20). Wysocki et al. detected the FV in 17% of the cases
(21). Ramalho et al. (14), and Kaplan et al. (6) indicated the
FV presence by 71.87% and 100%, respectively, which are
considerably higher rates. In our study, the FV was found only
in asymptomatic individuals by 4.11% (4 on the right side, 5
on the left side, and 2 bilaterally).

The present research has some limitations. Firstly, the nature
of the study was retrospective. Secondly, the technical
parameters of CT imaging could not be optimized since the
study was retrospective. Thirdly, the number of patients with
TN was low.

B CONCLUSION

The fact that the length and width parameters of the FO and
FR were statistically significantly different (except for the
FO length) in asymptomatic and in patients with TN was an
important conclusion of this study. This result also indicates
that the narrow FO and FR may be the cause of TN. The
relationship of the FO and FR localizations with TN, which
had not been previously evaluated in the literature, was also
mentioned in this study. The fact that the distances of the
FO and FR to the x and y-axes were significantly different
in patients with TN compared to asymptomatic individuals
suggested that these parameters might be the cause of TN.
However, it is necessary to conduct a comprehensive study
on this issue with more TN patients. Furthermore, this study
will make a significant contribution to the literature on the
knowledge of the dimensions and localizations of the FO and
FR in asymptomatic individuals and patients with TN.
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