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The size of the foramen ovale regarding
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sphenoidal foramen: is there any relationship
between them?
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Background: The study investigates the size of the foramen ovale (FO) in rela-
tion to the presence and absence of the emissary sphenoidal foramen (ESF). Any
possible alteration of the FO size in relation to the ESF (unilateral or bilateral)
presence and absence was also examined.

Materials and methods: One-hundred and ninety-five (117 male and 78 female)
Greek adult dry skulls were investigated.

Results: The ESF was present in 40% of the skulls (21.5% bilaterally and 18.5%
unilaterally). No statistical significant difference was detected between ESF pre-
sence or absence and its unilateral or bilateral occurrence. The ESF existence had
no relation to the FO size.

Conclusions: The ESF absence or presence has no effect on FO size. The emissary
sphenoidal vein is an additional venous pathway connecting cavernous sinus with
the pterygoid venous plexus. These findings enhance that the venous plexus of
the FO is a constant trait. The meticulous knowledge of the middle cranial fos-
sa anatomy is of paramount importance during transovale procedures, as the
outcome of cannulation may be affected by the existence of ESE the confluence
FO-ESE the existence of osseous spurs and bridging into the FO. (Folia Morphol
2018; 77, 1: 90-98)

Key words: emissary vein, foramen ovale, foramen Vesalius, middle
cranial fossa

INTRODUCTION process medially to the infratemporal fossa [35]. Al-

Foramen ovale (FO) is the most important constant though the content of the FO may vary, the included
foramen of the greater sphenoidal wing in the mid- mandibular nerve and a venous plexus (connecting
dle cranial fossa. A single reference exists about its cavernous sinus with the pterygoid venous plexus)
atypical position on the lateral side of the pterygoid encircling the nerve are always present [16, 19, 41].
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Figure 1. Types of foramen ovale (FO) shape; A. Oval type; B. Aimond-type; C. Round-type; D. Irregular-type.

Anteromedial and in close proximity to the FO, the
small inconstant emissary sphenoidal foramen (ESF),
largely known as foramen Vesalius (or foramen veno-
sum) is located and it always transmits an emissary
vein, also connecting pterygoid venous plexus with
the cavernous sinus [13, 20, 39]. It is a reasonable
assumption that any change of the volume and shape
of the venous plexus may alter FO shape and size.
Searching the literature, variability exists as regards
the FO types of shape (oval, truly oval, elongated oval,
elongated, semicircular, almond, round, rounded,
slit, irregular, D shape and pear) [7, 23, 37] and FO
size (length and width) among studies. As regards
FO length, the higher values were recorded by Patil
et al. [27] and Murugan and Saheb [22], while lower
values were found by Kaplan et al. [16], Natsis et al.
[23], Lang et al. [17] and Agarwal and Gupta [1]. As
regards FO width, the highest values were reported
by Lin et al. [20] and Yanagi [43] and the lowest
values were detected by Ray et al. [29]. Wood-Jones
[42] supported that in cases of ESF existence, the FO
venous part may be replaced by the sphenoidal emis-
sary vein. A relationship was detected between FO
and ESF, as in unilateral ESF occurrence, the ipsilateral
FO was smaller compared to the contralateral FO [42].
Moreover, Henderson [14] following the dissection
of 100 cadavers, observed that when the ESF was
present, the FO venous part was absent.

Following the years, several anatomical studies
have focused on FO morphology and morphometry
and the ESF presence, absence, morphology and
morphometry [9, 12, 21, 25, 30, 33], but only the
study of Wood-Jones [42] was referred to the cor-
relation of FO morphology and the ESF presence or
absence. Considering the above observations, we
decided to investigate FO size in relation to the ESF
absence or presence. Firstly, we examined the mor-
phometric details of the foramina Vesalius and ovale
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and the distances between them according to the
side of occurrence, the gender and the age. Then, we
investigated any possible alteration of the FO size in
relation to the absence or presence (unilateral, right
and left side or bilateral) of the ESF.

MATERIALS AND METHODS

One-hundred and ninety-five (117 male and 78
female) intact adult dry skulls were collected from our
departments. The skulls derived from Greek cadavers
donated to our laboratories between 1990 and 2015,
were further divided into three age-groups: 20-39
years of age (32 skulls), 40-59 (52 skulls) and 60 and
above (111 skulls). Skulls damaged in the floor of the
middle cranial fossa and skulls with gross evident
deformities were excluded. The FO morphometry was
investigated in all skulls in the infratemporal fossa.
FO shape was classified into oval, almond, round
and irregular types (Fig. 1). The whole sample was
examined for a patent ESF by using an orthodon-
tic wire (thickness 0.2 mm) and the morphometry
of the patent foramina was studied. All skulls were
placed vertically to the horizontal plane on a stand
with the external occipital protuberance located to
the horizontal plane. They were photographed with
a Sony 16.1-megapixel Digital Camera (fixation 47.5 cm
away from the ESF). A digital image processing soft-
ware (Image J) was used for the measurements of
the FO and ESF anteroposterior length and transverse
width. The minimum distance from the inferior border
of the ESF to the superior border of the FO was also
measured (Fig. 2). All measurements were performed
by a single investigator and they were taken twice
and average of the two values was taken as final
measurement. The FO was examined for the existence
of bony spurs (Fig. 3) for its confluence with ESF (Fig. 4)
and both FO and ESF were investigated for duplica-
tion/multiplication (Fig. 5) or any other additional
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Figure 2. Foramen ovale (FO) and emissary sphenoidal foramen
(ESF) anteroposterior length (1) and transverse width (w) and the
dotted black line representing the distance FO-ESF.

Figure 3. Foramen ovale (FO) spur (*) (A) and osseous bridging (**) (B).

foramina. We studied FO dimensions separately in
skulls without ESF, in skulls with bilateral present

ESF and in skulls with unilateral present ESF, in order
to detect any possible alteration on the FO dimen-
sions related to the ESF absence or presence. Thus,
our sample was subdivided into 117 skulls without
ESF, into 42 skulls with bilateral present ESF, into
14 skulls with a right-sided ESF and into 22 skulls with
a left-sided ESF. The skulls without ESF were used as
a control group and the measured FO dimensions
were used as a standard for evaluation of any further
correlation.

Statistical analysis

Descriptive statistics (mean + standard deviation,
median, minimum and maximum values) were evalu-
ated for all the measured parameters. The Kolmog-
orov-Smirnov test was performed for the evaluation
of normality of the distributions. Non parametric
x? test was used to detect differences between percent-
ages. The paired sample T-test was used to investigate
side asymmetry and the independent sample test for
gender dimorphism. The one-way ANOVA was per-
formed for the correlation of the above parameters
with the age. The independent sample T-test was used
to detect any difference between the measured pa-
rameters. Pearson correlation test was used for the
correlation between the measured parameters. For all
the analyses, p values < 0.05 were accepted as statisti-
cally significant, and statistical analysis was carried out
using IBM SPSS Statistics for Windows, version 21.0.

Figure 4. A. Foramen ovale (FO) and emissary sphenoidal foramina (ESF) (black arrows) confluence into foramen lacerum (FL); B. FO conflu-

ence into ESF.

Figure 5. Emissary sphenoidal foramen duplication (black arrow) on the left side (A) and on the right side (B, C) of the skull and a single emis-
sary sphenoidal foramen to the contralateral side of the skull (A, B); FO — foramen ovale.
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Figure 6. Absence of the emissary sphenoidal foramina with asymmetry in the foramen ovale (FO) shape (A) location (B) and size (C, D).

Figure 7. A, B, C. Location of the emissary sphenoidal foramina anteromedial (single black arrows) and medial (double black arrows) to fora-

mina ovalia (FO).

RESULTS

Foramen ovale was detected in all skulls and it was
typically oval in 56.1% (49.6% on the right and 62.6%
on the left side), almond in 19.1% (23.5% on the right
and 14.8% on the left), irregular in 16.5% (19.1% on
the right and 13.9% on the left side) and round in
8.3% (7.8% on the right and 8.7% on the left). No cor-
relation was detected between FO shape, the gender
and the age. The FO morphometric details presented
a normal distribution (p > 0.05, Kolmogorov-Smirnov
test). In the entire sample, the mean value of the FO
length was 7.63 = 1.17 mm on the right and 7.48 =
+ 1.20 mm on the left side. The mean value of the FO
width was 4.47 £ 1.00 mm on the right and 4.59 +
+ 1.00 mm on the left side. No statistical significant
difference was detected in FO dimensions regarding
to the side of occurrence (FO lengths right and left,
p = 0.218 and FO widths right and left, p = 0.492).
The average values of the FO lengths right and left
in males were 7.75 and 7.73 mm and in females
were 7.73 and 7.29 mm, respectively (p = 0.938 and
p = 0.152). The average values of the FO widths
right and left in males were 4.32 and 4.65 mm and
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in females were 4.42 and 4.38 mm (p = 0.706 and
p = 0.308). No gender dimorphism was observed
regarding to the FO morphometry. Moreover, no
statistical significant difference was detected between
FO length right and left side with the age, p = 0.117
and p = 0.367 and FO width right and left side with
the age, p = 0.310 and p = 0.259.

The ESF was present in 78 (40%) skulls and absent
in 117 (60%) skulls. It was detected in 42 (21.5%)
skulls bilaterally and in 36 (18.5%) skulls unilaterally
(14 right; 7% and 22 left; 11%) (Figs. 6-8). No sta-
tistical significant difference was found between ESF
presence or absence (p = 0.163) and its unilateral or
bilateral occurrence (p = 0.182). All morphometric
characteristics of the ESF presented a normal distribu-
tion (p > 0.2, Kolmogorov-Smirnov test). In all skulls
with ESF, the mean values of the ESF length and width
were 2.70 £ 0.60 mm and 1.76 = 0.53 mm. The right
and left-sided ESF lengths were 2.63 = 0.9 mm and
2.79 = 0.65 mm. The right and left-sided ESF widths
were 1.70 + 0.48 mm and 1.83 + 0.59 mm (Table 1).
No side asymmetry was detected as regards to the ESF
lengths (p = 0.661) and widths (p = 0.945). The mean
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Figure 8. Emissary sphenoidal foramina presence (white arrows) bilaterally (intracranially — A and exocranially — B). Unilateral presence
(white arrows) of emissary sphenoidal foramina (left sided — C and right sided — D); FO — foramen ovale.

Table 1. The emissary sphenoidal foramen (ESF) dimensions (length and width) on the right and left side in skulls

ESF dimensions Mean + standard deviation Minimum Maximum p
Right side Left side Right Left Right Left

Length 26309 2.79 £ 0.65 0.74 1.44 4.35 3.80 0.2

Width 1.70 = 0.48 1.83 = 0.59 041 0.40 2.51 2.83 0.2

right and left-sided ESF lengths in males were 2.73
and 2.83 mm and in females were 2.76 and 2.75 mm.
The average right and left-sided ESF widths in males
were 1.71 and 1.82 mm and in females were 1.68
and 1.84 mm. No gender dimorphism (ESF right-sided
length, p = 0.577, left-sided, p = 0.760, ESF right-
-sided width, p = 0.706 and left-sided, p = 0.308)
and no statistical significant difference was found
between ESF dimensions and the age grouping (ESF
right-sided length, p = 0.772, left-sided, p = 0.686,
ESF right-sided width, p = 0.557 and left-sided, p =
= 0.647). The mean = standard deviation, the mini-
mum and maximum values of the FO-ESF distance
were 2.40 = 0.9 mm, 0.9 mm and 5.29 mm on the
right side and 2.22 = 0.79 mm, 0.97 mm and 4.20
mm on the left side. No statistically significant dif-
ference was found between FO-ESF distance and the
side of occurrence (p = 0.068), the gender (p = 0.390
right and p = 0.147 left) and the age grouping (p =
0.599 right and p = 0.908 left).

A double ESF was found in 2 skulls (in one skull on
the right and in the other on the left side). A conflu-
ence between FO and ESF was detected in 2 skulls (in
a skull bilaterally and in the other on the right side).
Osseous spurs were also observed into the cranial
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opening of the FO in 2 skulls on the right side. No
additional foramina were observed.

The FO dimensions in skulls without ESF, in skulls
with bilateral and unilateral ESF are summarised in
Table 2. We compared the values of the FO dimen-
sions between the skulls with bilateral, right and left
sided ESF to the skulls without ESF (control group)
and no statistical significant difference was found
(p > 0.1). Moreover, we examined the side differ-
ences of the FO dimensions (length and width) in the
above groups and a side symmetry was detected (p
> 0.1). In Pearson correlation analysis, we examined
FO length and width with the ESF length and width
on both sides (length to length — width to width
correlation) and also the distance FO-ESF with the FO
and ESF dimensions. A positive correlation was found
between the distance FO-ESF and the ESF length and
width on both sides (Table 3). All the other correla-
tions were not statistically significant.

DISCUSSION

The emissary veins, connecting the intracranial
venous sinuses with the exocranial veins, may pass
through various skull apertures, either constant or
inconstant emissary foramina. In particular, emissary
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Table 2. The foramen ovale (FO) dimensions on the right and left side in skulls without and with emissary sphenoidal foramen (ESF)

(bilateral and unilateral — on the right and left side) of the ESF

ESF Mean = standard deviation Minimum Maximum

Right side Left side Right Left Right Left
FO length
Without ESF 76013 7138+ 1.13 5.12 am 10.40 10.20
Bilateral presented 172 +1.10 144 =145 591 5.42 10.36 117
Right-sided 7.96 = 1.28 8.23 + 1.44 5.93 6.36 10.23 12.08
Left-sided 731101 7.28 + 1.1 5.31 8.06 9.05 9.46
FO width
Without ESF 427 +1.01 433 +0.89 2.50 2.66 6.45 6.56
Bilateral presented 443 = 0.96 464 +£1.14 2.23 2.68 6.87 151
Right-sided 4.68 = 0.85 475 1.04 2.96 2.30 6.20 6.95
Left-sided 476 = 1.15 4.85 + 0.86 2.31 3.44 6.64 6.85

Table 3. Pearson correlation analysis between the measurements
Correlations Right side Left side
p r p

FO length with ESF length 0.786 -0.061 0.302 0.225
FO width with ESF width 0.083 -0.378 0.06 0.364
FO-ESF with ESF length 0.048 0.468 0.04 0.502
FO-ESF with ESF width 0.014 0.553 0.032 0.537
FO-ESF with FO length 0.875 -0.022 0.958 0.007
FO-ESF with FO width 0.08 0.249 0.507 0.093

FO — foramen ovale; ESF — emissary sphenoidal foramen

veins draining the cavernous sinus to the pterygoid
venous plexus may pass through the foramen rotun-
dum, the ESF, the FO, the foramina spinosum and
lacerum. The emissary veins of the foramina rotun-
dum and ovale form a venous plexus surrounding the
enclosed nerves [16, 19, 41]. The FO venous plexus is
the main pathway of the cavernous sinus drainage to
the pterygoid venous plexus [19] and it is the main
factor influencing the FO size [31]. Williams et al. [41]
in their study regarding the trigeminal nerve and the
perineural vascular plexus found that the dimensions
of the venous plexus surrounding the mandibular
nerve were larger compared to the dimensions of the
venous plexus compassing the maxillary nerve. Liang
et al. [19] in their study about the transcranial seg-
ment of the trigeminal nerve observed that the FO size
was larger than the size of the included mandibular
nerve and the rest part of the cranial opening was oc-
cupied by the periosteum and a large venous plexus.
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The view that the foramina size is determined by
their content is explained by the skull embryology. The
skull foramina exist as a consequence of neurovascular
structures that pass through them, as the ossification
of the skull base occurs around preexisting vessels and
cranial nerves. After the 8t week of gestation, the
cartilage development begins around the already ap-
parent vessels [8, 24] since the veins begin to develop
at the early of the 5% week [26]. The cartilaginous
ossification of the greater sphenoidal wing begins at
the 15t gestational week and until the 22" week; the
FO appears as a large defect in the sphenoidal wing
[24]. Finally, the cartilaginous ossification takes place
in a fixed pattern from the posterior to anterior axis.

The ESF lies in close proximity to the FO and when
appears, transmits an emissary vein connecting the
pterygoid venous plexus with the cavernous sinus.
Specifically, the ESF location and content forced
Wood-Jones [42] to view the ESF as an extension of
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the FO. He concluded that the ESF may either replace
the FO venous part, resulting to a smaller FO, or may
be confluent with the FO or consist as an additional
venous outlet to the FO [42]. Moreover, Schmalfuss
and Camp [31] mentioned that the confluence ESF-FO
and the transmission of the sphenoidal emissary veins
via the FO, in the absence of the ipsilateral ESF is
a possible explanation for the FO asymmetry.

The hypothesis tested in this paper, is that the ESF
may alter the FO venous part and thus the FO size.
After our investigation regarding the FO morphom-
etry, we concluded that the ESF absence or presence
(bilateral or unilateral) has no effect on the FO size.
Specifically, we detected side symmetry of the FO
dimensions (length and width) in the whole sample,
in skulls without ESF, in skulls with bilateral present
ESF, with a right-sided and a left-sided ESF. Berge and
Bergman [4] and Murugan and Saheb [22] found FO
side symmetry in the whole sample of their investi-
gation. The values of FO length and width in skulls
with bilateral ESF, with a right- and a left-sided ESF
were similar with the values of FO length and width
in skulls without ESF. Berge and Bergman [4] found
no alteration in FO size in skulls with unilateral ESF.

Based on the findings of the current study, we
conclude that the occurrence of the sphenoidal em-
issary vein does not alter the FO venous component
and that this vein is an additional venous pathway.
Furthermore, the symmetry presented in all measure-
ments of the FO further enhances the current point
of view that the FO venous plexus is a constant trait.

The ESF is inconstant as regards its presence and
quite constant regarding its location anteromedial
to the FO. The incidence of the ESF and the side of
location presents a wide variability among different
studies [6, 10, 17, 18, 30, 38]. In the present study, the
ESF occurred in 40% of the skulls (21.5% bilaterally,
18.5% unilaterally — 7% on the right and 11% on the
left side), but no statistically significant difference was
detected. Variability existed regarding to the bilateral
and unilateral appearance and the side of occurrence
[4, 12, 25, 28, 30]. Several proposals highlighted the
variability of the ESF presence owing to ethnic differ-
ences, evolutionary processes [32] and the fact that
the ESF represents the site of fusion between the
membrane bone and ala temporalis [15]. Based on
the developmental anatomy of the skull foramina and
veins, a possible explanation for the ESF variability is
that the emissary sphenoidal vein usually follows the
venous structures variability.
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Another important feature of the present study
is the positive correlation between ESF size and the
distance FO-ESF. This finding comes in contradiction
to the results reported by Ozer and Govsa [25] who
found a negative correlation between the ESF perim-
eter and the distance FO-ESF.

The current study has a limitation: only dry skulls
free of pathological process are included. A detailed
investigation on cadaveric material taking into ac-
count the emissary veins in the area of the greater
sphenoidal wings would be useful. Moreover, equally
important would be the examination of the greater
sphenoidal wing foramina in pathological skulls with
abnormal size and shape.

The FO position at the transition zone between
intracranial and extracranial structures makes the
foramen important to various surgical and diagnos-
tic procedures, such as the percutaneous trigeminal
rhizotomy or compression of the Gasserian ganglion
for the treatment of trigeminal neuralgia [4], the
percutaneous biopsy of parasellar lesions, and the
electroencephalographic analysis of the temporal
lobe among patients undergoing selective amygda-
lohippocampectomy for the treatment of epilepsy.
The meticulous knowledge of the typical and vari-
able anatomy of the middle cranial fossa is of para-
mount importance for clinicians during transovale
procedures, as the outcome of FO cannulation may
be affected by the ESF presence, the confluence FO-
ESF, the existence of osseous spurs [36] and osseous
bridging [34] into the FO cranial aperture [40] lead-
ing to false entry into the cavernous sinus and the
internal carotid artery [2, 3, 15]. Multiple attempts
at cannulating the difficult-to-access FO may be as-
sociated with vascular complications. Stereotactic ap-
proach combined with three-dimensional computed
tomographic reconstruction model may improve the
accuracy, safety and efficiency of percutaneous ra-
diofrequency thermocoagulation in patients with
trigeminal neuralgia [11]. In terms of neurosurgery,
although the FO is always possible to reach (by us-
ing neuro-navigation) [4], crossing it may be almost
impossible due to its narrowness or the presence of
osseous spurs or intraforaminal bridges [5].

CONCLUSIONS
Foramen ovale morphometric details in skulls
without ESF, in skulls with bilateral ESF, right and
left-sided ESF were investigated. As a result, the ESF
absence or presence (bilateral or unilateral) has no
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effect on the FO size. The emissary sphenoidal vein
is an additional venous pathway connecting the cav-
ernous sinus with the pterygoid venous plexus. These
findings enhance the current opinion that the FO ve-
nous plexus is a constant trait, clarifying concurrently
a not-well examined topic.
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