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Abstract: The identification of mastoidal emissary veins is of importance in the neurosurgical practice to diagnose abnormal 
and normal structures. In the present study, the objectives were to estimate the prevalence rate of mastoidal emissary foramina 
in the temporal bones of the adult skull and to study their number and morphology. The present study included 48 adult 
human skulls which were obtained from the gross anatomy laboratory of our institution. The mastoid parts of 96 temporal 
bones were macroscopically observed for the prevalence, number and morphology of the emissary foramina. It is observed that, 
the mastoidal emissary foramen was present in 88 temporal bones (91.7%) of our specimens. The foramen was observed single 
in 60 temporal bones (62.5%), double in 22 bones (22.9%), and triple in 6 temporal bones (6.2%). The mastoidal emissary 
foramen was absent in 8 (8.3%) temporal bones. The foramen was bilaterally absent in 3 (3.1%) skulls. It was unilaterally absent 
in 2 (2.1%) skulls and both were on the left side. The mastoidal emissary vein is prevalent in a large number (91.7%) of cases. 
It was observed that the accessory mastoidal emissary foramina were present in 29.1% of cases. Recognition of the mastoid 
emissary veins and accessory mastoid emissary veins during the otologic surgery is critical to avoid the significant bleeding. In 
the neurosurgical practice, the knowledge is important due to variability in the number of mastoidal emissary veins and their 
connection to the venous sinuses.
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They are valveless veins and blood can flow in either direc-
tion, however the flow is usually away from the brain [1]. 
The mastoid emissary vein connects the posterior auricular 
vein with the sigmoid sinus. The emissary mastoid foramen 
transmits the mastoidal emissary vein and is present at the 
mastoid process of the temporal bone. It is not uncommon 
to see this foramen over the occipitomastoid suture [2]. The 
mastoid emissary foramen also transmits a branch of the 
occipital artery, which is going to supply the duramater of 
the posterior cranial fossa [3]. It has been reported that the 
number of mastoid emissary foramina may vary between zero 
to four [2, 4]. 

The mastoid emissary vein passes through the mastoid 
foramen, making the connection between the sigmoid sinus 

Introduction

Emissary veins travel through the emissary foramina of the 
skull and connect the intracranial veins with the extracranial. 
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into the posterior auricular and occipital veins [5]. The blood 
which runs through the mastoid emissary vein is usually 
sluggish; however during the raised intracranial tension; 
this vein can become the source of drainage and decrease 
the intracranial pressure [6]. Notification of intracranial 
varia tions is important during the anesthetic blocks and the 
evaluation of regional anatomy is important to avoid the 
misinterpretations [7]. Modern operation procedures, nerve 
block and acupuncture need a clear understanding of the 
surrounding anatomy [8]. The mastoid emissary vein may get 
involved in the spread of craniofacial tumours and infections 
into the cranial cavity [2]. The identification of mastoidal 
emissary vein is important in the neurosurgical practice to 
diagnose the pathological from the normal structures. Their 
importance has been very well recognized in the plastic 
surgical field [9]. However, the detailed studies on the mastoid 
emissary veins are lacking in the literature, especially in the 
Indian subcontinent. The objective of the present study was 
to estimate the prevalence of mastoid emissary foramina in 
the temporal bones of the adult human skulls of South Indian 
origin and to study their number and morphology.

Materials and Methods
 
The present study included 48 adult human skull bases 

of South Indian origin which were obtained from the gross 
anatomy laboratory of our institution. The exact age and 
gender of the specimens were not determined. The skulls 
which showed pathological changes at the cranial base 
were excluded from the present study. The anterior, middle 
and posterior skull base region was carefully examined for 
the exclusion criteria like bony erosions, invasions, spurs 
and growths. The skull bases which exhibited these types 
of changes which are suggestive of tumor invasion were 
considered as pathologically abnormal and were excluded. 
The cranial cavity was also examined for the pathological 
signs suggestive of a tumor invasion and if found were ex-
cluded. The mastoid parts of the 96 temporal bones were 
macroscopically observed for the prevalence and number 
of the emissary foramina. A magnifying lens has been used 
to observe the mastoid emissary foramina. The patency of 
the each foramen was confirmed by passing a probe. The 
observations were made on the mastoid part of the temporal 
bone, temporo occipital suture and part of the occipital bone 
which is just medial to the temporo occipital suture. Each 
specimen was examined by three authors of the present study 
and discussed, before writing the observations.

Results

In the present study, the mastoidal emissary foramen was 
observed in 88 temporal bones (91.7%). The morphological 
distribution of the mastoid emissary foramina of the present 
study are represented in Fig. 1. The foramen was observed 
single (Fig. 2A) in 60 temporal bones (62.5%), double (Fig. 

Fig. 1. Morphological distribution of the mastoid emissary foramina 
observed in the present study (n=96).

Fig. 2. Pictures of the skull bases of the present study showing. (A) Single mastoidal emissary foramen (62.5%). (B) Double mastoidal emissary 
foramen (22.9%). (C) Triple mastoidal emissary foramen (6.2%). 
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2B) in 22 bones (22.9%), and triple (Fig. 2C) in 6 temporal 
bones (6.2%). The mastoidal emissary foramen was absent in 
8 temporal bones (8.3%). The foramen was bilaterally absent 
in 3 skulls (3.1%) and unilaterally absent in 2 skulls (2.1%). 
Among the unilateral absence, both were observed on the 
right side. The side wise distribution of the mastoid emissary 
foramina of the present study are represented in Table 1.

Discussion

The anatomical and physiological researches have des-
cribed the anthropological significance of the emissary mas-
toid vein in the human evolution and preferential intracranial 
venous flow into the vertebral veins in the bipedal man [9, 
10]. As an upright human posture necessitated the delivery of 
blood away from the brain into the vertebral veins, the venous 
channels like the enlarged occipital, transverse sinuses, 
accessory hypoglossal canals and emissary venous foramina 
developed [11]. These are considered to be the epigenetic 
adaptations of humans for delivering the blood preferentially 
into the vertebral venous plexus [12]. In Australopithecus, the 
occipital vein is the major pathway for the venous drainage. 
This is unlike in Homo sapiens, where the size of occipital 
vein was very small leading to the evolution of some new 
veins. Mastoid emissary vein is one among those and this is 
the reason for the development of the mastoid foramen in 
the human modern skull [11]. It has been described that the 
sigmoid sinus opens into the vertebral venous plexus in the 
standing position and drains into the internal jugular vein 
during the recumbent position [13]. The mastoidal emissary 
foramen is often absent in the skulls of nonhuman primates 
like gorillas and chimpanzees. It has been opined that, during 
the process of human evolution, the size of the mastoid 
emissary vein was increased [11]. Goucha et al. [13] reported 
that, remodeling of the mastoid process of temporal bone 
during the human evolution is correlating with the origin of 
the emissary mastoid vein. Everything in the art of medicine, 
right from examining a plain X-ray until operating the human 

body, requires a sound knowledge of anatomy [14]. Variations 
in the foramina of the skull have aroused the curiosity among 
the anatomists for many decades. These non-metric skull 
variants would help in finding the genetic relationships of 
the species among the populations [15]. The mastoid emis-
sary foramen is considered as anatomical landmark for dif-
ferentiation of the species and is important in forensic science 
anthropology [6]. 

Craniofacial bone variations have been studied since the 
beginning of the century. These variations are studied by 
using the cadavers and skulls in the anatomy laboratory [7]. 
The variations of skull foramina are of interest due to the 
clinical implications these structures cause in the fields of 
neurology, neurosurgery and maxillofacial surgery. Few mor-
phological anatomical variations were often neglected by the 
surgeons and are described in the gross anatomy text books 
as rare anomalous structures [16]. Recognition of variant 
foramina of skull is important to understand the regional 
neurovascular anatomy and to segregate the normal from 
abnormal structures [17]. The misinterpretation of these types 
of anomalies can cause complications during the surgical 
procedures and lead to procedure failures due to iatrogenic 
neurovascular injury [18]. With the increased application of 
magnetic nuclear resonance and computed axial tomogram, 
the skull foramina are increasingly studied in the clinical set 
up. The observation of foramina of skull has become a must 
do criteria in the clinical diagnosis [19], but the literature 
about them is missing in the gross anatomy texts.

In a study from Louis et al. [4], the incidence of mastoid 
emissary vein was reported 98% for the right side and 72% for 
left side. They reported that, in 85% of cases, the occipital and 
mastoid emissary veins formed a confluence of veins. Kim 
et al. [9] observed that, 83.7% of their samples were found 
to have at least one mastoidal emissary foramen. Wysocki et 
al. [20] observed the mastoid foramen in 94% of their cases. 
In a study from Brazilian skulls, by Pereira et al. [7], it was 
reported that the mastoid foramen was recorded on the right 
side in 90% and 85% cases on the left side of male skulls. 
In female skulls, the mastoid foramen was also observed in 
72.7% and 81.8% of cases on right and left sides respectively. 
The limitation of the present study is the gender related 
comparison, which is not taken into consideration in the 
present study. Boyd [21] observed a prevalence of emissary 
mastoid foramen in 68% cases from 1478 modern human 
skulls, in contrast Falk [11], reported an incident rate of 90% 
from 51 samples. Reis et al. [6] reported an incidence of 89% 

Table 1. Showing the side wise distribution of the mastoid emissary foramina 
(n=96)

Morphology of foramen Right side (n=48) Left side (n=48)
No foramen 5 (10.4) 3 (6.2)
Single foramen 29 (60.4) 31 (64.6)
Double foramen 10 (20.8) 12 (25)
Triple foramen 4 (8.3) 2 (4.2)

Values are presented as number (%).
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from 40 cadavers. The prevalence rate of mastoid emissary 
foramina in the present study has been compared with the 
previous reports and the comparison is represented in Table 
2. The present study has observed that the prevalence rate 
is almost similar to the previous reports. The present study 
reports that there was no significant difference among the 
races with respect to the incidence of mastoid emissary veins. 
The study states that the mastoid emissary foramina are a 
feature of the human. 

Friedmann et al. [22] reported that, it is common to find 
the temporal bone venous variations in patients of CHARGE 
syndrome. They observed that, the most common variation 
was a mastoid emissary vein, connecting the occipital vein 
with the sigmoid sinus. In their surgical practice, they had to 
change their surgical approach due the variant course of the 
vein. Friedmann et al. [22] proposed that, variant emissary 
veins have to be included as the preoperative assessment in 
the inner ear implant surgeries. Computed tomogram scan 
of the temporal skull bone may exhibit some anomalous 
veins which require preoperative visualization and a different 
surgical approach in the mastoidectomy procedure.

The venous variation pattern shows that there is a defective 
development of the superior bulb of the internal jugular 
vein and the sigmoid venous sinus to develop, which results 
in the formation of emissary veins. Identification of these 
variant veins is important in an otologic surgery to avoid the 
dangerous catastrophic hemorrhage. The mastoid emissary 
vein is involved as a source of blood loss during the ear 
sur geries and skull base operation procedures, especially 
in the lateral and retrosigmoid approaches. The complete 
morphological idea of the mastoid emissary vein will avoid 
the complication [4]. The usage of the emissary mastoid vein 
is a better technique for understanding an isolated sigmoid 
or transverse dural venous sinus [4]. Inadvertent injuries to 
the mastoid emissary veins may cause a significant bleeding. 
It has also been reported that, it can lead to thrombus and 

em bolus formation due to their bidirectional flow and close 
proximity to the sigmoid sinus. In this context, recognition of 
mastoid emissary veins and managing the bleeding from this 
vessel is important to the surgeon operating in this area. This 
is important in the craniofacial surgery, while operating the 
cases of craniosynostosis, where mastoid emissary vein may 
be the only drainage route of the brain [9].

Cheatle [23] reported a case of a male patient with history 
of carbuncle in the neck, eventually developed cavernous 
venous thrombosis and meningitis. During his autopsy 
procedure, it was observed that the infection was spreading 
from the occipital vein, through the mastoid emissary vein 
to the transverse sinus, and then from the superior petrosal 
sinus to the cavernous venous sinus. It is reported that the 
knowledge of mastoid canals and grooves is very important 
to the otorhinolaryngologists and neurosurgeons [3]. In the 
present study, we believe that this investigation has provided 
additional information on the morphology of the mastoid 
emissary foramina. In the present study, the mastoidal emis-
sary vein was prevalent in a large number of cases. It was 
observed that the accessory mastoidal emissary foramina 
were present in 29.1% of cases. Recognition of the mastoidal 
emissary veins and accessory mastoid emissary veins during 
the ear surgery is essential to avoid the dangerous blood loss. 
In the human neurosurgical practice, the knowledge about 
this vein is important due to the variability in their number 
and their relation to the sigmoid sinus. 

With the observations of the present study, the clinicians 
and researchers examining the mastoid emissary foramina 
may have an anatomical reference. Implications for the 
future study about this subject would involve the radiological 
examination of these foramina with the usage of computed 
tomography (CT) scans and magnetic resonance imaging 
(MRI) studies. More details of the emissary veins and corre-
lation with the other emissary veins in the skull can be 
performed by using the radiological methods [24]. It seems 
worthy that the perception of existence of mastoid foramen 
through any medical imaging techniques could be used to 
estimate the pattern of mastoid emissary vein for the further 
clinical implications. The bony foramina are more clearly 
visible in the computed tomogram scans. So the foramina 
seen in the CT scan film can indicate the topography of the 
emissary vein. This will definitely guide the radiologists in 
understanding the course of an emissary vein. However in 
an MRI film, the emissary vein itself is obvious. The future 
implication of the present study would include studying the 

Table 2. Prevalence of mastoid emissary foramen with the data from literature
Reference Prevalence rate (%)

Boyd [21] 68
Falk [11] 90
Wysocki et al. [20] 94
Reis et al. [6] 89
Louis et al. [4] 85
Shaik et al. [3] 59.20
Pereira et al. [7] 82.40
Present study 91.70
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mastoid emissary foramina radiologically by using CT scan 
and MRI films. The limitation of the present study would 
include the morphometry of the mastoid emissary foramina, 
which is not done in the present study. It is believed that 
the dimensional differences among the foramina seem to 
exist. The dimension of the foramina would be relavant 
to the evolutionary feature by the erect posture of the 
human. It could be helpful to improve the clinical radiologic 
examination of the mastoid emissary formina. The better 
ideas about this subject include studying the dimensions 
of mastoidal emissary foramina by using the scion image 
analyzer software. This further research may serve more 
distinct evidence about the clinical and anatomical impli-
cations mentioned in this subject.
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