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ABSTRACT
Background: The assessment of cranial foramina is an important part of the objective diagnostic and therapeutic 
study relevant to pathologies involving structures of the skull base. The study of the foramen ovale not only holds 
significance for anatomical development but also bears profound surgical importance, such as in trigeminal 
neuralgia, and diagnostic importance in tumors and various types of epilepsy. It becomes relevant in fine-needle 
aspiration techniques in perineural tumor procedures, for electroencephalographic analysis in seizures, and 
therapeutic procedures such as percutaneous trigeminal rhizotomy for trigeminal neuralgia.

Methods: A  cross-sectional study at the Department of Neurosurgery, Specialties Hospital, La Raza National 
Medical Center, Mexico City, involved 70  patients aged >18  years who underwent a single skull computed 
tomography scan between July 2023 and March 2024. Patients with sufficient scan quality and optimal 
visualization of skull base foramina were included in the study. Measurements of tomographic images were taken 
using Inobitec’s DICOM file viewer. Data analysis in Microsoft Excel yielded mean, standard deviation, and 95% 
confidence interval (CI) for morphometric parameters of the foramen ovale.

Results: Analysis of tomographies from 70  patients revealed a total of 140 foramen ovale, evenly split between 
25 males (35.7%) and 45 females (64.3%). The measurements for the maximum anteroposterior diameter, transverse 
diameter, and surface area of all foramina were as follows: 6.61 ± 0.25 mm (95% CI), 3.97 ± 0.21 mm (95% CI), and 
20.84 ± 1.58 mm2 (95% CI), respectively. Specific measurements for the right and left sides were obtained: for the 
right side, 6.59 ± 0.26 mm (95% CI) and 3.89 ± 0.21 mm (95% CI) for the maximum anteroposterior and transverse 
diameters, respectively, and 20.38 ± 1.62 mm2 (95% CI) for the surface area. For the left side, the measurements were 
6.63 ± 0.24 mm (95% CI), 4.05 ± 0.21 mm (95% CI), and 21.31 ± 1.55 mm2 (95% CI) for the maximum anteroposterior 
diameter, transverse diameter, and surface area, respectively. The maximum and minimum dimensions for 
anteroposterior and transverse diameters were 10.67 mm, 4.41 mm, 7.09 mm and 2.36 mm, respectively, with a 
corresponding range for the surface area of 10.16 mm2–44.13 mm2. The average minimum distance between the 
foramen ovale and the foramen spinosum was 2.32 ± 0.24 mm (95% CI). In males, the average size of the foramen 
ovale was 23.66 ± 1.61, which was 22% larger than the average size in females (19.28 ± 1.45) (P = 0.0001).

Conclusion: The foramen ovale is one of the main anatomical structures of the skull base, and besides that, it is complex 
and not directly accessible for clinical evaluation, useful information can be obtained through morphometric analysis. 
The present study provides specific anatomical data with morphological patterns to increase the understanding of 
the characteristics of the foramen ovale in the Mexican population. These are intended to be helpful in the pursuit of 
acknowledging the morphometrics and thus being able to plan neurosurgical procedures in the middle cranial fossa.
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INTRODUCTION

The evaluation of cranial foramina is an important part of 
the objective diagnostic and therapeutic study, particularly 
relevant to pathologies involving structures of the skull base.

The topographic anatomy of the sphenoid bone is then of 
great clinical importance due to the presence of several 
cranial foramina. Rotundum foramen, for transmission of 
the maxillary nerve, located in the anterior part and medial 
part of the sphenoid bone, and the foramen ovale, for 
mandibular nerve transmission, accessory meningeal artery, 
venous plexus, and sometimes the lesser petrosal nerve.[4]

The foramen ovale is an opening located in the base of 
the skull, situated in the greater wing of the sphenoid 
bone, between the foramen rotundum and the foramen 
spinosum. It typically has a maximum diameter of 7.48 and 
a minimum of 4.17, through which the mandibular branch 
of the trigeminal nerve, the accessory meningeal artery, and 
occasionally the lesser petrosal nerve and emissary veins pass 
through the skull base.[1,3]

This is one of the important foramina situated in the 
transition zone between intracranial and extracranial 
structures, opening into the infratemporal fossa and through 
its other opening on the lateral surface of the greater wing.[2,7]

Several studies have measured the dimension of the foramen 
ovale, including reports with measurements in cadaver skulls 
and morphometric studies carried out with the assistance of 
simple skull computed tomography.

Although variations in the shape of this foramen may be 
present, a careful evaluation of these holes will facilitate the 
diagnosis of lesions present in the middle cranial fossa and 
nasopharynx.

The study of this foramen not only holds importance for 
anatomical development but also bears profound surgical 
significance, such as in trigeminal neuralgia, and diagnostic 
importance in tumors and various types of epilepsy. It 
becomes relevant in fine-needle aspiration techniques in 
perineural tumor procedures, for electroencephalographic 
analysis in certain types of epilepsy, and in therapeutic 
procedures such as percutaneous trigeminal rhizotomy for 
trigeminal neuralgia.[8]

Lesions involving the medial parts of the middle cranial base 
can be accessed through an intracranial or subcranial route 
or a combination of the two routes; therefore, knowledge 
of its anatomy is of vital importance to carry out minimally 
invasive diagnostic and therapeutic procedures.[6]

Some studies indicate that the morphology of the foramen 
ovale is not entirely precise, as it may sometimes be covered 
by ossified ligaments extending between the lateral pterygoid 
process and the sphenoidal spine, or its venous portion may 

be compartmentalized by a bony spur located anteromedially, 
resulting in a double foramen ovale.[5,7]

Given these precedents, it is important to highlight that this 
study presents the morphometry of the foramen ovale in the 
Mexican population.

MATERIALS AND METHODS

A cross-sectional study was conducted at the Department 
of Neurosurgery, Specialties Hospital, La Raza National 
Medical Center in Mexico City, Mexico. Seventy patients 
aged >18  years who underwent a single skull computed 
tomography scan for any medical indication with at least 150 
slices and optimal visualization of the skull base foramina 
between July 2023 and March 2024 were included in the 
study. Patients with a history of cranial surgery, brain or 
cranial tumors, or insufficient quality computed tomography 
scans for proper visualization of the foramen ovale were 
excluded from the study.

Measurements of the tomographic images were performed 
using the DICOM file viewer Inobitec. The inion-nasion 
line was used to define the axial plane, as well as the septum 
pellucidum to define the sagittal and coronal planes. 
Subsequently, using the bone window, the foramen ovale 
was identified, and its major anteroposterior diameter, the 
diameter perpendicular to this, and the shortest distance 
to the foramen spinosum were measured [Figure 1]. Once 
these measurements were obtained, the surface area of 
the foramen ovale was determined using the standard 
formula for calculating the surface area of an ellipse: A=πab 
[Figure 2].

Data were collected in Microsoft Excel for Mac version 16.78.3, 
and statistical analysis was performed to obtain the mean 
standard deviation with a 95% confidence interval (CI).

Figure  1: Morphometrics. Yellow line: anteroposterior maximum 
diameter, green line: transverse diameter, red line: foramen ovale - 
foramen spinosum distance.
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Figure 2: Area of an ellipse formula: A=πab. a: semi-major axis, b: 
semi-minor axis.

RESULTS

The tomographies of the 70  patients were analyzed, 
comprising 25  males (35.7%) and 45  females (64.3%), 
totaling 140 foramen ovale, with 70 on the right side and 70 
on the left side. The average of the maximum anteroposterior 
diameter, transverse diameter, and surface area of all 
analyzed foramina (n = 140) was calculated, resulting in 6.61 
± 0.25 mm (95% CI), 3.97 ± 0.21 mm (95% CI), and 20.84 ± 
1.58 mm2 (95% CI), respectively [Table 1].

The maximum anteroposterior diameter, transverse diameter, 
and surface area of the foramina on the right side resulted 
in 6.59 ± 0.26 mm (95% CI), 3.89 ± 0.21 mm (95% CI), and 
20.38 ± 1.62 mm2 (95% CI), respectively [Table 2].

The maximum anteroposterior diameter, transverse diameter, 
and surface area of the foramina on the left side resulted in 
6.63 ± 0.24  mm (95% CI), 4.05 ± 0.21  mm (95% CI), and 
21.31 ± 1.55 mm2 (95% CI), respectively [Table 3].

The maximum anteroposterior diameter among all analyzed 
foramen ovale was 10.67 mm, the minimum was 4.41 mm, 
the maximum transverse diameter was 7.09  mm, and the 
minimum was 2.36  mm. Regarding the surface area of 
the foramen ovale, including all analyzed foramina, the 
maximum was 44.13 mm2, and the minimum was 10.16 mm2.

The average minimum distance from the foramen ovale to 
the foramen spinosum was 2.32 ± 0.24 (95% CI) [Table 4].

When comparing all measured foramen ovale between 
males and females, we found that in males (23.66 ± 1.61), the 
foramen ovale is 22% larger than in females (19.28 ± 1.45) (P 
= 0.0001) [Table 5].

DISCUSSION

While there are existing morphometric studies analyzing 
various foramens of the human skull base, the objective 

Table 1: Foramen ovale morphometrics results. 

Foramen Ovale 
(n=140)

Mean±SD 
(CI 95%)

Minimum Maximum

Anteroposterior 
maximum  
diameter (mm)

6.61±0.25 4.41 10.67

Transverse  
diameter (mm)

3.97±0.21 2.36 7.09

Area ( mm2) 20.84±1.58 10.16 44.13
SD: Standard deviation, CI: Confidence interval.

Table 2: Right foramen ovale morphometrics results. 

Right Foramen 
Ovale (n=70)

Mean±SD 
(CI 95%)

Minimum Maximum

Anteroposterior 
maximum  
diameter (mm)

6.59±0.26 4.41 10.62

Transverse  
diameter (mm)

3.89±0.21 2.43 6.98

Area (mm2) 20.38±1.62 10.68 44.13
SD: Standard deviation, CI: Confidence interval.

Table 3: Left foramen ovale morphometrics results.

Right Foramen 
Ovale (n=70)

Mean±SD 
(CI 95%)

Minimum Maximum

Anteroposterior 
maximum  
diameter (mm)

6.63±0.24 4.82 10.67

Transverse  
diameter (mm)

4.05±0.21 2.36 7.09

Area (mm2) 21.31±1.55 10.16 38.81
SD: Standard deviation, CI: Confidence interval.

Table 4: Foramen ovale - Foramen spinosum distance.

Mean±SD 
(CI 95%)

Minimum Maximum

FO-FS distance 
(mm)

2.32±0.24 0.51 6.24

SD: Standard deviation, CI: Confidence interval.

Table 5: In males, the average size of the oval foramen was  
23.66 ± 1.61, which was 22% larger than the average size in 
females (19.28 ± 1.45) (P = 0.0001).

 Foramen Ovale 
(n=140)

Mean±SD 
(CI 95%)  

Male 
(n=50)

Mean±SD  
(CI 95%) 
Female 
(n=90)

P

Area ( mm2) 23.66±1.61 19.28±1.45 0.0001
SD: Standard deviation, CI: Confidence interval.
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of this study is to obtain, through tomographic images, an 
analysis that allows us to understand the morphometry 
of the foramen ovale in the Mexican population. In 
addition, we aim to determine the distance between 
the foramen ovale and the nearest foramen in the skull 
base, the foramen spinosum. This will provide a clearer 
understanding of this important foramen in neurosurgery, 
through which diagnostic and therapeutic procedures can 
be performed.

CONCLUSION

The foramen ovale is one of the main anatomical structures 
of the skull base, and besides that, it is complex and 
not directly accessible for clinical evaluation; useful 
information can be obtained through morphometric 
analysis. The present study provides specific anatomical 
data with morphological patterns to increase the 
understanding of the characteristics of the foramen ovale 
in the Mexican population. These are intended to be helpful 
in the pursuit of acknowledging the morphometrics and 
thus being able to plan neurosurgical procedures in the 
middle cranial fossa.
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