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Abstract

Introduction: The mastoid foramen is an anatomically inconstant opening that transmits the mastoid 
emissary vein. It is located either near the occipitomastoid suture or at the posterior margin of the mastoid 
process of the temporal bone. Knowledge of the anatomic and morphologic variations of this foramen is 
essential to prevent complications during surgical procedures. 
Objective: To describe the anatomical and morphometric characteristics of the mastoid foramen in a sample 
of skulls of Colombian population.
Materials and methods: A cross-sectional descriptive study was carried out in 103 dry skulls (206 
hemiskulls) of adults (35-55 years old) owned by the human skeletal repositories of three universities in 
Manizales, Colombia. The mastoid part of the temporal bone and the occipitomastoid suture were observed 
macroscopically to determine the prevalence and number of mastoid foramina. The morphometric charac-
teristics of the foramina were determined using a digital caliper and each foramen was probed using 0.35mm 
diameter nylon. In addition, a 100mL syringe was used to filter water through the foramina in order to verify 
the intracranial connection of each foramen.
Results: The prevalence of mastoid foramen was 94.17% (right half: 95.15%; left half: 93.20%). Moreover, 
10.82%, 42.78% and 37.63% of the left and right skull halves had three, two, and one foramen, respectively. 
Most of the foramina (55.87%) communicated with the groove for sigmoid sinus.
Conclusions: In the Colombian population, the mastoid foramen is variable in size, may be absent or have 
one or more foramina in each skull half, and usually communicates with the groove for sigmoid sinus, 
although it may communicate with other parts of the endocranium.

Resumen 

Introducción. El foramen mastoideo es un detalle morfológico inconstante localizado cerca de la sutura 
occipitomastoidea o en el margen posterior del proceso mastoides del hueso temporal que transmite la 
vena emisaria mastoidea. El conocimiento de las variaciones anatómicas y morfológicas de este foramen es 
fundamental para prevenir complicaciones en procedimientos quirúrgicos. 
Objetivo. Describir las características anatómicas y morfométricas del foramen mastoideo en una muestra de 
cráneos de población colombiana.
Materiales y métodos. Estudio descriptivo transversal realizado en 103 cráneos secos (206 hemicráneos) 
de adultos (35-55 años), pertenecientes a las osteotecas de tres universidades de Manizales, Colombia. Se 
observaron macroscópicamente la porción mastoidea y la sutura occipitomastoidea para determinar la 
prevalencia y el número de forámenes mastoideos. Las características morfométricas de los forámenes se 
determinaron utilizando un calibrador digital y cada foramen se sondeó con nailon de 0.35mm de diámetro. 
Además, se utilizó una jeringa de 100mL de capacidad para filtrar agua a través de los forámenes con el fin de 
verificar la conexión intracraneal de cada foramen.
Resultados. La prevalencia del foramen mastoideo fue 94.17% (lado derecho: 95.15%; lado izquierdo: 93.20%). 
Además, 10.82%, 42.78% y 37.63% de los hemicráneos tenía tres, dos y un foramen, respectivamente. La 
mayoría de los forámenes (55.87%) se comunicó con el surco del seno sigmoideo.
Conclusiones. En población colombiana, el foramen mastoideo es de tamaño variable; puede estar ausente 
o haber uno o más forámenes en cada hemicráneo, y suele comunicarse con el surco del seno sigmoideo, 
aunque puede comunicarse con otras partes del endocráneo.
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Introduction

The mastoid foramen is an inconstant opening with variable size, asymmetry and location. It may 
be located near the occipitomastoid suture or at the posterior margin of the mastoid part of the 
temporal bone and contains the mastoid emissary vein and a meningeal branch of the occipital 
artery.1 The mastoid emissary vein communicates the occipital (or posterior auricular) vein and 
the sigmoid sinus and is involved in blood cooling and the release of intracranial pressure.1 

Unintentional injury to the mastoid emissary vein poses a major health concern, not only 
because of the difficulties related to hemostasis, but also because of its bidirectional flow and 
its proximity to the sigmoid sinus. In this situation, thromboembolism may occur, so proper 
intraoperative identification of these structures by the neurosurgeon is critical, especially in 
patients with craniosynostosis in whom this vein may be the only dominant drainage route to 
the brain.2,3 Therefore, preoperative knowledge of the anatomical and morphological variations 
of the mastoid foramen and its vascular elements is essential to prevent possible perioperative 
complications such as profuse bleeding, tinnitus, thrombosis, infections, and air embolism.3,4 

In view of the above, the objective of the present study was to describe the anatomical 
and morphometric characteristics of the mastoid foramen of a sample of dry skulls of 
Colombian population.

Materials and methods

Cross-sectional descriptive observational study conducted in 2022 in 103 dry skulls (206 
hemiskulls) of adults, with intact mastoid region, owned by the human skeletal repositories of 
the health sciences faculties of the Universidad de Caldas, Universidad Autónoma de Manizales, 
and Universidad de Manizales, all located in Manizales, Colombia. The morphometric charac-
teristics of the foramina were established and a photographic record of the skulls was obtained. 

The mastoid part of the temporal bone and the occipitomastoid suture were observed 
macroscopically in each skull to determine the prevalence and number of mastoid 
foramina. All foramina found, even if they were small in size, were probed with 0.35mm 
diameter nylon. A 10mL syringe was also used to filter water through the foramina to 
verify its flow into the intracranial region (Figure 1). The diameter and distance between 
the occipitomastoid suture and the foramina were evaluated with a digital metal caliper 
with a measurement accuracy of 0.02mm.

Figure 1. Example of the verification of mastoid foramen flow into the intracranial region by means of 
water filtration.
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Statistical analysis

Data were entered into a spreadsheet created in Microsoft Excel for analysis and 
described using absolute frequencies, percentages, means, and ranges (minimum and 
maximum).

Results

The mastoid foramen was found in 94.17% (n=194) of the analyzed hemiskulls (right 
half: 95.15%; left half: 93.20%) (Table 1). Moreover, 10.82%, 42.78% and 37.63% of the 
hemiskulls had three foramina, two foramina, and one foramen, respectively.

Table 1. Frequency of mastoid foramen in the hemiskulls analyzed (n=206).

Frequency of mastoid foramen in the hemiskulls analyzed 

Right half (n=103)
Left half 
(n=103)

Total halves
(n=206)

n % n % n %

No foramen 5 4.85 7 6.80 12 5.83

With a foramen 98 95.15 96 93.20 194 94.17

Distribution of foramina

Right half 
(n=98)

Left half 
(n=96)

Total halves
 (n=194)

1 foramen 37 37.76 36 37.5 73 37.63

2 foramina 43 43.88 40 41.67 83 42.78

3 foramina 8 8.16 13 13.54 21 10.82

4 foramina 6 6.12 4 4.16 10 5.15

5 foramina 3 3.06 0 0 3 1.55

6 foramina 1 1.02 2 2.08 3 1.55

7 foramina 0 0 0 0 0 0

8 foramina 0 0 1 1.04 1 0.52

Regarding morphometric characteristics, the average diameter and distance to the 
occipitomastoid suture were 1.82mm (range: 0.28-7.3) and 4.08mm (range: 0-27.16), 
respectively (Table 2).

Table 2. Variations in the mastoid foramen.

Parameter
Total number of 
foramina found

Minimum Maximum Median

Diameter (mm) 383 0.28 7.3 1.82

Distance to the occipitomastoid suture (mm) 383 0 27.16 4.08

A total of 55.87% of the foramina communicated with the groove for sigmoid sinus 
(Table 3). In addition, in one case, a foramen communicated with the groove for greater 
petrosal nerve at the level of the middle cranial fossa (Figure 2) and, in another, a possible 
communication with other emissary veins within the diploe of the temporal bone was 
observed (Figure 3).
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Table 3. Mastoid foramen communication.

Communication Number of foramina (n=383) Percentage

None 148 38.64%

Groove for sigmoid sinus 214 55.87%

Lateral part of the cerebellar fossa 14 3.66%

At the transverse sigmoid junction 5 1.31%

Groove for greater petrosal nerve, in the middle 
cranial fossa

1 0.26%

Emissary veins within the diploe of the temporal 
bone

1 0.26%

Figure 2. Mastoid foramen communicating with the groove for greater petrosal nerve in the middle 
cranial fossa.

Figure 3. Possible communication of the mastoid foramen with other emissary veins within the diploe of 
the temporal bone.
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Discussion

Morphometric variations of the mastoid process have been studied since the early 
twentieth century, mainly in dried skulls and cadavers.5 However, in vivo studies have 
also been performed using different technologies such as CT scans, X-rays, and image 
analysis software.6 Based on the knowledge obtained from these studies and those 
carried out in other species, it has been hypothesized that the presence of the mastoid 
foramen allows a greater cerebral blood flow in humans, which has been interpreted as a 
trait of human evolution.5,6

There are multiple openings in the skull through which important neural and vascular 
structures run. Therefore, identifying these structures is essential not only to understand 
the neurovascular anatomy of the region, but also to differentiate between normal 
structures and possible anomalies, as misinterpretation of these variations can lead to 
complications during surgery.7 

In the present study, the prevalence of the mastoid foramen was 94.17% (n=194), 
with a presence of between 1 and 8 foramina per hemiskull. This figure is higher than 
that reported by Kim et al.2 in a study conducted in Australia on 80 dry skulls, in which 
83.4% of the skulls were found to have at least one foramen. It is also higher than the 
figure reported by Turgut et al.8 in a study of 586 dry skulls from Anatolia, in which 
they found a prevalence of mastoid foramen of 78.5%. Finally, Yurdabakan et al.6 also 
reported a prevalence of mastoid foramen of 82% (0-4 foramina) in a study of 472 
patients in Turkey. 

Furthermore, in the present study the prevalence of mastoid foramen per hemiskull 
was 95.15% for the right half and 93.20% for the left half. These results are partially 
similar to those reported by Louis et al.9 in a work performed in the United States on 200 
skulls (100 cadaver heads and 100 dried human skulls), where the prevalence of mastoid 
foramina (1 to 4) was 72% and 98% for the left and right halves, respectively. 

The average mastoid foramen diameter in our study was 1.82mm, with a minimum of 
0.28mm and a maximum of 7.3mm.This value is higher than the one reported by Kim et al.2  
(average diameter of 1.64mm, with a maximum of 7mm), but lower than the one described 
by Yurdabakan et al.6 (3.39±1.48mm). 

The mastoid foramen and some bone canals on the external surface of the mastoid 
region are important not only as an epigenetic variation, but also because of the vessels 
that run through them.10 In this regard, it should be noted that, first, the structure of the 
canal is not described in classical anatomy textbooks, and second, the information on this 
foramen and the mastoid emissary vein is not very extensive.11 

Based on the results obtained in the present study, as well as those reported worldwide, 
it is possible to assume that there is a great variety in the presence and dimensions of 
mastoid foramina in the dry skulls of the adult population, since they may be absent or 
even have multiple mastoid foramina with different diameters in one or both halves of 
the skull. Furthermore, these figures probably vary depending on the place of origin of 
the skulls.

In this sense, proper intraoperative identification of the anatomical variations of these 
structures, especially by neurosurgeons and maxillofacial surgeons, is crucial, since 
unawareness of these variations can lead to misinterpretations during surgery and, 
consequently, to complications.3,4

It should be pointed out that a limitation of this research was the failure to make 
inferences due to the use of a sample of dry skulls from non-comparable populations. 
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Conclusion

In the Colombian population, the mastoid foramen is of variable size. It may be absent or 
there may be one or more foramina in each half of the skull, and it generally communi-
cates with the groove for sigmoid sinus, although it may communicate with other parts 
of the endocranium.
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