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ABSTRACT

Foramen ovale is an important foramen for neurosurgeons and used for percutaneous trigeminal
rhizotomy in trigeminal neuralgia. The present study was undertaken to study anatomic variations in
appearance, dimensions of foramen ovale and its location in relation to the zygomatic arch.

The study was conducted on 50 dry human skulls of known sex, available in the museum of Anatomy Dept. in
G.S.V.M. Medical College, Kanpur. The shape of foramen ovale and presence of any accessory bony structure
like spur, spine, tubercle or bony plate were observed on both sides. The length and width of foramen ovale
and its distance from articular tubercle and the anterior root of Zygomatic Arch was measured on both sides.
The metric data was statistically analysed for bilateral symmetry and sexual dimorphism.

The shape of foramen ovale was typically oval in most of the skulls (66%). In 40% sides any accessory
bony structure was not seen while bony plate in 45% sides, spine in 6% and bridge like bony septa
dividing the foramen into two compartments in 2% was observed. The mean length and width of
foramen ovale in male skulls was 7.50+/-0.90 mm and 4.20+/-0.70 mm and 7.7+/-1.00 mm and 3.9+/-0.80
mm in the female skulls. The mean distance of foramen ovale from articular tubercle on Zygomatic arch
was 32.8 +/- 2.8 mm in males and 31.1 +/- 2.4 mm in females. The mean distance from anterior root of
Zygomatic arch was 21.4 +/- 1.9 mm in males and 21.6 +/- 1.7 mm in females.

There was no significant difference in measurements of various metric parameters between right and left
sides of foramen ovale (p>0.05) but highly significant difference was observed between male and female
dimensions of all metric parameters.(p<0.001). Thus the foramen ovale does not exhibit bilateral
symmetry but the sexual dimorphism is evident. The data is helpful for surgical practices.
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INTRODUCTION

The foramina of the skull, their size, shape, symmetry, variations and location have long attracted the attention of
anatomists, anthropologists, forensic experts and clinicians because of their clinical, radiographic and evolutionary
significance. The foramen ovale is an important foramen present in the middle cranial fossa, at the posterior part of
the greater wing of the sphenoid bone. It is located posterolateral to the foramen rotundum, anteromedial to the
foramen spinosum and anterior to Foramen lacerum connecting the middle cranial fossa with the infratemporal
fossa. The mandibular nerve, accessory meningeal artery, the lesser petrosal nerve and emissary vein pass through it.
The longitudinal axis of foramen is oriented slightly ventrally and laterally, corresponding to the direction of the
mandibular nerve ( Lawrence et al .,1994).
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It’s noteworthy that the foramen ovale is not present in the class reptilia and was acquired in mammal during the
process of evolution (Edinger and Kitts, 1954). The foramen is absent in some living mammals including the
mammalian embryo, where the semilunar ganglion develops outside the skull and its intracranial position is
secondary in ontogeny. So a theory was concluded that a separate exit of mandibular nerve through foramen ovale is
an advanced character acquired during the evolution of some orders (Edinger and Kitts, 1954). Thus morphometry
of foramen ovale provides an insight into the evolutionary history of human.

The foramen ovale (FO) is of great surgical and diagnostic importance in procedures like fine needle aspiration via
transfacial approach, in the perineural spread of tumour, trigeminal rhizotomy via percutaneous approach for
trigeminal neuralgia and the electroencephalographic analysis. However, variations are seen in the shape and size of
the FO which bear important clinical implications. Thus the present study was carried out to identify the metric and
non metric morphometry of foramen ovale and its topographic location in relation to zygomatic arch.

MATERIALS AND METHODS

The present study was undertaken on 50 dry, adult human skulls (27males & 23 Females) obtained from
Anthropology museum of Anatomy department, G.S.V.M. Medical College, Kanpur. The observations were
measured on both Right & Left sides in each skull. Thus 100 foramen ovale in 50 skulls were studied. The sex of the
skull was taken in account. The Non-Metric parameter studied were a)-Shape of the foramen ovale b)- Presence of
any accessory bony structure like bony plate, spine, tubercle, septa ,if any.

The metric parameter studied were a).Length of foramen ovale (mediolateral) and b) Width of foramen ovale
(anteroposterior). The two dimensions of the foramen ovale measured were along its long and short axes
respectively, measured with a vernier calliper of 0.1 cm precision. c) Distance from the anterior root of zygoma d)
Distance from the articular tubercle on zygomatic arch.

The data so obtained was statistically analysed for the morphometry as well as sexual dimorphism.

REsSuLTS

The Foramen ovale was present bilaterally in all skulls. In the study the shape of the foramen ovale was oval in 66%
cases while almond shaped in 22 % cases, longitudinal (slit-like) in 4% cases, round in 3% , D shaped in 2 % and
irregular in 3% cases. (Table 1; figure 1-5). Out of 50 skull the bilateral symmetric shape was seen in 30 skulls (60%)
but the asymmetry in size i.e dimensions in terms of length and width were bilaterally different in 100% of skulls.

The 3% irregular foramen included one foramen showing confluence of the foramen ovale with the foramen
spinosum unilaterally on the left side. One skull showed confluence of the foramen ovale with the foramen
spinosum and foramen lacerum bilaterally.

Table 1: Showing variation in shape of foramen ovale in both sexes on both sides

SN | Shape Male ( n=54) Female (n=46) Total n=100 (%)
Right Left Right Left

1 Oval 14 20 16 16 66

2 Almond 10 5 3 4 22

3 D shaped / 0 1 0 1 2

4 Longitudinal (Slit Like) | 0 0 2 2 4

5 Round 1 1 1 0 3

6 Irregular(Primitive) 0 1 1 1 3

Figure 1: Oval shape of Foramen Ovale on_Left side and almond shaped on right side
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Figure 2: D shape of Foramen Ovale

Figure 3: Round shape of Foramen Ovale

Figure 5: Irregular shape of Foramen Ovale (Primitive ) showing A. Persistent foramen lacerum medius on right
side and B. confluence of foramen ovale and foramen spinosum on left side. C. Partial confluence of foramen ovale
and foramen spinosum
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The outline of foramen was not smooth and regular in all cases and there was an accessory bony structure present in
some of them. A bony plate was present in 38% cases, spine in 7% cases, septa in 2%, tubercle in 5%. However no
bony accessory structure was seen in 47% cases. In 3% cases the foramen was incomplete and irregular. (Table 2 ;
Figure- 6-10). Asymmetry between the right and the left side was present.

A thin bony septa at right angles to the long axis (i.e. medio-lateral) of the foramen was observed in 2 foramen
dividing the foramen into two compartments of approximately equal size (Fig. 9).

Table 2: Showing incidence of accessory bony structure in foramen ovale in both sexes on both sides

S.N | Parameter Male (n=54) Female (n=46) Total F.O. n=100
Accessory bony structure | Right Left Right Left

1 No asso. bony structure 12 14 10 11 47 %

2 Bony plate 10 11 8 9 38%

3 Spine 2 2 3 0 7%

4 Septa 2 0 0 0 2%

5 Tubercle 1 0 1 3 5%

6 Incomplete 0 1 1 1 3%

Figure 8: Showing accessory bony structure (A&B): Tubercle
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Figure 9: Showing

accessory bony structure: Septa

The range of length of foramen ovale in males was 5.4- 10.2 mm while it was 5.4 — 11.1 mm in females. The overall
range of length of foramen ovale irrespective of sex was 5.4- 11.1 mm and the range of width was 1.7- 8.2 mm.

The mean length and width of foramen ovale in male skulls was 7.50+/-0.90 mm and 4.20+/-0.70 mm and 7.7+/-1.00
mm and 3.9+/-0.80 mm in the female skulls. There was no significant difference between right and left sides in both
sexes. However the difference between the dimensions was statistically highly significant in the two sexes. (Table 3)

Table 3: Showing dimensions of foramen ovale and the statistical analysis in both sexes

S.N | Parameter Male Female
Dimensions Right | Left Right | Left

1 Length (in mm)
Range 5.4-10.2 | 5.6-8.9 5.4-10.0 6.0-11.1
Mean+ S.D 7612 | 75x1.0 8.0+12 |80+ 11
T test / P value P>0.05 (not significant) | P>0.05 (not significant)
Mean+ S.D 75+ 09 7710
T test / P value (Male & Female) P>0.001 Highly Significant

2 Width (in mm)
Range 3.3-8.2 24-54 2.0-0.5.9 1.7-5.3
Mean+ S.D 4.4+ 1.0 41 £1.0 4.0 +£1.0 4.0 + 1.0
T test / P value P>0.05 (not significant) | P>0.05 (not significant)
Mean+ S.D 42+ 0.7 39+ 08
T test / P value (Male & Female) P>0.001 Highly Significant

The mean distance of foramen ovale from articular tubercle on Zygomatic arch was 32.8 +/- 2.8 mm in males and
31.1 +/- 2.4 mm in females. The mean distance from anterior root of Zygomatic arch was 21.4 +/- 1.9 mm in males
and 21.6 +/- 1.7 mm in females. (Table 4 figure 10)

Table 4: Showing distance of foramen ovale from landmarks on zygomatic process and the statistical analysis in both sexes

SN | Parameter Male Female
Right | Left Right | Left

1 Distance from root of zygoma (in mm)
Range 13.4-24.3 17.2-27.1 18.2-23.9 12.2-24.2
Mean+ S.D 21.0+£2.2 220+ 2.2 21.0 £ 20 21.0 £ 23
T test / P value P>0.05 (not significant) P>0.05 (not significant)
Mean+ S.D 214+ 19 206+ 1.7
T test / P value (Male & Female) P>0.001 Highly Significant

2 Distance from articular tubercle | (in mm)
Range 28.8-37.2 28.7-38.3 27.2-35.2 27.2-35.6
Mean+ S.D 330+ 22 |330 +£23 |314 =25 31.0 =25
T test / P value P>0.05 (not significant) P>0.05 (not significant)
Mean+ S.D 328+ 2.8 311 + 24
T test / P value (Male & Female P>0.001 Highly Significant
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of Z

ocomatic process and B. aricular tubercle

Figure 10: Distance of foramen ovale from A. anterior root

DISCUSSION

The cranial foramina and the variations in their presence, number, size and location, besides leading to the insight
towards evolution, are of high clinical significance due to the neurovascular structures that traverse their narrow
confines. Any trauma or space-occupying lesion in this area would result in compressive forces and related clinical
manifestations as a consequence (Kato et al., 2006). Therefore, knowledge of the variations in the foramina guides the
clinicians towards a correct interpretation of radiographs and also helps in performing surgical procedures in the
complicated region. Hauser and De Stefano (1989) further suggested that these cranial variants are the epigenetic
factors which occur as a product of the genetically determined growth processes of other tissues such as muscles,
vessels and nerves which affect bone formation.

The sphenoid bone ossifies with the intramembranous and endochondral ossification process which give rise to the
basisphenoids (body), orbitosphenoids (lesser wings) and alisphenoids (greater wings). In lower mammals a space is
seen between the alisphenoid, the basisphenoid, and the periotic capsule or petrous bone which is known as the
primitive foramen lacerum medius. Shapiro and Robinson, 1967 found that in lower mammals, the mandibular
nerve is sunken in the foramen lacerum medius. Wood Jones, (1931) further explained that as the mandibular nerve
sinks into the greater wing of the sphenoid bone between the internal carotid and stapedial arteries, gradually a
groove, then a notch, and ultimately a true foramen develops. This transitional development of the foramen ovale is
demonstrable in lower mammals and may explain some of the variants of this foramen observed in humans
[Lawrence et al 1994]. Thus, in humans, the foramen ovale develops from primitive foramen lacerum medius and the
space persists as the foramen lacerum after formation of the carotid canal medially and the sphenopetrosal fissure
posterolaterally. Foramen ovale is seen as a discrete foramen at 22 weeks. The perfect ring-shaped formation of the
foramen ovale has been reported in the 7th fetal month, as earliest and at 3 years after birth, the latest (Yanagi, 1987).

In the present study the Foramen ovale was present in all 50 skulls on both sides. Out of 100 foramen studied ,the
shape of the foramen ovale was oval in 66 cases while Almond shaped in 22%, D shaped in 2 % longitudinal slit like
in 4% cases, round in 3% and irregular in 3% cases. Yanagi, 1987, Ray et al (2005), Sharma and Garud (2011) have
also reported variation in shape and size of Foramen ovale. They reported Oval and Almond shape were the most
typical for the foramen, less frequently, round and longitudinal. Wadhwa et al (2012) in their study on 60 foramen
found oval in 42 (70%), round in 6 (10%) and almond shaped in 10 (15%) cases and longitudinal in 3 (%). Patel and
Mehta (2014) in their study on 200 foramen found oval shaped in 119 (59.5%), round in 55 (27.5%) and Almond in 24
(12%) cases and slit like in 2 (%). John and Thenmozhi (2015) reported 48 (60%) oval, 4 (6%) round, 7 (11.6%) almond
shaped and 1 longitudinal / slit like foramen ovale out of 60 studied. D shaped foramen as reported by us was also
reported by Diami et al(2011) reported oval in 29.87%, D shaped 46.16%, Round 12.52%, Slit like 1.04%, but the
incidence reported by them is much higher than us, moreover almond shaped FO was not found by them. The
difference could be because of the ethnic variations.

Lindblom (1936), Henderson (1966) explained that the venous asymmetry of emissary vein, connecting Cavernous
Venous sinus & Pterygoid Venous plexus probably accounts for asymmetry in the size and shape of the foramina
ovale throughout the natural life.
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It is worth mentioning that bilaterally symmetrical foramen ovale were observed in only 30 skulls with bilateral oval
in 24, bilateral almond shaped in 4 , and bilateral longitudinal in 2 skulls. Similar bilateral symmetry was reported
by Sharma and Garud (2011) and Ray et al. (2005), as bilateral oval in only 15 cases, while bilateral almond-shaped
foramen were seen in 7 cases out of 35 skull. In rest of the skull shapes were asymmetric on right and left.
Asymmetry between the right and the left side was observed by Burden et al (2011), Lawrence et al (1994).

The outline of some foramen was associated with accessory bony structure viz. a bony plate was present in 8% cases,
spine in 7% cases, septa in 2%, tubercle in 5%. However no bony accessory structure was seen in 47% cases. A thin
bony septa perpendicular to the long (i.e. medio-lateral) axis of the foramen observed in 2 foramen dividing the
foramen into two compartments of approximately equal size. (Fig.9).

Similar accessory bony structure were also reported in past. Wadhwa et al. in 60 foramen found bony plate in 6,
spine inl and tubercle in 2 cases. John and Thenmozhi (2015) found bony plate in 7, spine in 8 tubercle in 4 cases in
their study on 60 foramen. A study on Polish population by Burden (2011) found in 24.2% of cases, the occurrence of
bony plates (4R, 5L), spines (1R, 2L), and marginal tubercles (1R, 2L) as well as spurs (1R, 1L) which completely
divided the foramen into two asymmetrical parts, in general. Ray et al (2005) also reported two oval foramina
divided into two compartments by a bridge like bony spur.

Ray et al (2005), Khan et al (2012) claimed that the various bony structure indicate bony overgrowth during its
developmental process between its first appearance and perfect ring formation.

The emissary vein is separated from other structures by dense connective tissue which may occasionally be ossified
resulting in the duplication of the foramen ovale. Tubbs et al. (2009), Reymond et al. (2005) Osunwoke et al. (2005)
also reported a bony spur partially dividing the foramen ovale into 2 compartments . In such cases the partitioning
of the foramen ovale could have resulted in the compression of the mandibular nerve with the subsequent neuralgia
over the mandibular and preauricular region of the face, along with the motor signs such as paresis of the muscles
developing from the mesoderm of the first branchial arch (Sharma and Garud, 2011). However, in the absence of
relevant clinical histories, such correlations could not be confirmed in the present study. Such bony obstructions
could also interfere with transcutaneous needle placement into the foramen ovale. These anatomical variations in the
form of accessory bony structures on the borders of the foramen ovale in some skulls may also mistakenly suggest
the presence of morbid changes on radiographs.

In the study, the mean length and mean width of foramen ovale in male skulls was 7.50+/-0.90 mm and 4.20+/-0.70
mm and 7.7+/-1.00 mm and 3.9+/-0.80 mm in the female skulls. The range of length of foramen ovale in males was 5.4-
10.2 mm while it was 5.4 — 11.1 mm in females. The overall range of length of foramen ovale irrespective of sex was 5.4-
11.1 mm and the range of width was 1.7- 8.2 mm. There was no significant difference between right and left sides on
both sexes. However there was highly significant statistical difference between the two sexes. (Table 3 and 4).

The results are much in consonance with previous studies. In a study by Ray et al (2005) the average length and
width on the right side was 7.46 = 1.41mm and 3.21 = 1.02 mm, respectively, whereas on the left side it was 7.01
1.4Imm and 3.29 + 0.85 mm, respectively. Berlis et al(1992), Calcaterra et al (1973). Lindblom K (1936) Schelling
1978, Yanagi (1987), Patel and Mehta et al (2014), Lang et al (1984)have reported the length varying in the range from
6.5 to 11.3 mm and width from 3.6 to 4.7 mm. They too did not observe any significant difference between right
and left side in length and width (p>0.05).

In our study mean length and mean width were similar to past authors. However the upper limit of range of width
was much higher as 8.2 mm which can be explained because of the inclusion of the wide primitive foramen (fig. 5A)
in the measurements.

The length and width of the foramen ovale was insignificantly higher in males than in females in a study conducted
in Poland by Burden (2011). But in the present study the sexual dimorphism was highly significant.

An extremely primitive variant was seen in the study i.e. complete absence of the foramen ovale as a separate orifice
is the persistent foramen lacerum medius ( fig 5 A) (Lawrence et al 1994) which is confluence of the foramen ovale
and the foramen spinosum and absence of a medial bony separation from the foramen lacerum. A pithicoid type of
foramen ovale (which is partially open to the foramen lacerum and is a frequent feature in apes) was seen in 16% of
roentgenograms reviewed by Sondheimer (1971) and 4% of skulls bilaterally and 2% unilaterally in the study by
Berge and Bergman (2001).

The foramen spinosum also develops in a similar manner as the foramen ovale, confluence of these two foramina is
also a well-described occurence (Burden, 2011) but was seen only in two ( 2%) cases in the present study (fig 5B-C).
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Surgical interventions on the infratemporal fossa require an accurate knowledge of the surgical anatomy. The
foramen ovale is consistently the lowest point of the middle cranial fossa (Dayoub, 2010). For the study of
topographic location of foramen ovale, its distance from two bony landmarks on zygomatic arch was measured viz.
the anterior root of the zygomatic process and the articular tubercle on it. The knowledge of distance from these
bony landmarks can be of help in the approach through transjugal-transoval route as described by Hartel in 1912,
through the pterygomaxillary fossa up to the Foramen Ovale. In this approach, the anatomical region crossed by the
biopsy needle is an inverted, three-sided, pyramid, with its apex as a cutaneous point, 3cm lateral to the labial
commissure on cheek. Its triangular base, located at skull base, is delineated by the three landmarks viz. a) the
supero-lateral one is a cutaneous point on the orbito-meatal line along the inferior border of the zygoma, 3cm
anterior to the tragus b)the superomedial one corresponds to the papilla and c) the deep-seated one is the Foramen
Ovale (FO) itself (Sindou et al 2012).At the base of the pyramid i.e. at the skull base, the vital structures the internal
jugular vein, internal carotid artery, membranous part of auditory tube and even optic nerve are at high risk of
injury so the surgical caution is a must.

In the present study the mean distance of foramen ovale from articular tubercle on zygomatic arch was 32.8 +/- 2.8
mm in males and 31.1 +/- 2.4 mm in females. Lang 1984 reported that the mean distance from the upper edge of the
zygomatic Process above the articular tubercle to the lateral rim of the Foramen ovale increases from about 15 mm in
new born to 34.33 mm in adult. In a study, the average distance of the foramen ovale from the zygoma was reported
as 38.2 mm. (Tiwari, 1998).

In the present study the mean distance from anterior root of Zygomatic arch was 21.4 +/- 1.9 mm in males and 21.6
+/- 1.7 mm in females. Dayoub 2010, reported the distance between the temporalis muscle to lowest point of mid
cranial fossa (floor) measurement (muscle thickness + mid-zygoma-to-floor measurement) as 24.16 +/- 0.74 mm. The
mean distance between Meckel’s Cave and the medial surface of the posterior root of the zygomatic arch was 26.5
mm. Meckel’s Cave is best identified medial to the Foramen Spinosum and just posterior to the Foramen Ovale. The
distance between the Trigeminal Ganglion and the Foramen Ovale ranges from 0 to 10 mm (Henderson 19660). Not
many specific references for the distance of foramen ovale and articular tubercle and anterior root of zygomatic arch
could be found in literature. So our study for these dimensions can be of much help to neurosurgeons.

CONCLUSION

The shape of foramen ovale was variable, typically oval in most of the skulls (66%) followed by almond shaped.
Accessory bony structure was seen like bony plate sides, spine and bridge like bony septa dividing the foramen.
There was no significant difference in measurements of various metric parameters between right and left sides of
foramen ovale (p>0.05) but highly significant difference was observed between male and female dimensions of all
metric parameters.(p<0.001). The foramen ovale does not exhibit bilateral symmetry but sexual dimorphism is
evident. The data is helpful for surgical practices.
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