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Introduction

The foramen ovale (FO) lies medial to the
foramen spinosum and lateral to the foramen
lacerum on the infratemporal surface of the greater
wing of the sphenoid bone. It transmits the
mandibular division of the trigeminal nerve, the
lesser petrosal nerve, the accessory meningeal
branch of the maxillary artery and an emissary
vein which connects the cavernous venous sinus
to the pterygoid venous plexus in the
infratemporal fossa. It passes through the greater
wing of the sphenoid posterior to the lingula and
posterior end of carotid groove [1].

Foramen ovale is an important constituent of
cranial anatomy with high significance in

neurosurgery as it enables access to the trigeminal
nerve. Thus knowledge of its position is clinically
important in the event of anaesthesia of the
mandibular nerve as well as in cases of assessment
of skull base asymmetries where these foramina
measurements become important [2].

Several studies have shown that right side
foramen ovale is narrower than left side. It has
been hypothesized that entrapment of mandibular
nerve when it cross FO is a primary cause of
Trigeminal neuralgia (TN) and accounts for the
higher incidence of TN on the right side [3].
Anatomical knowledge of the foramen ovale is
important for neurosurgical procedures involving
the Trigeminal neuralgia and administration of
anaesthesia via mandibular nerve [4]. Moreover
percutaneous biopsy of cavernous sinus is also
performed through FO [4,5].

The present study was undertaken to define
anatomical variations in FO and review the literature
regarding the same. Prior knowledge of variations in
FO may be important for academic, anthropological,
forensic and clinical purpose, hence this study aims
to highlight such variations [4].

Abstract

Aims:  The study of foramen Ovale is of great surgical importance in procedures like percutaneous
trigeminal rhizotomy for trigeminal neuralgia, electroencephalographic analysis for seizure and diagnostic
transfacial fine needle aspiration technique in perineural spread of tumour. Localization of the foramen
ovale can be difficult due to imaging quality (improved by biplanar radiology systems), operator
inexperience and anatomical variations. Methods and Material: The present study was conducted on 38
dry adult, human skulls of unknown sex obtained from Bone Bank of the Department of Anatomy, IIMSR,
Warudi, Jalna. In this study, presence of anatomic variations in shape of foramen ovale was noted. The
length and width of foramen were measured. Comparison between right and left was done. Results: Mean
length of foramen ovale was 7.27mm and mean width was 3.18mm. There was no statistical significant
difference between means of the length and width of the right and left  sided. It’s shape was typically oval
in 19, almond in 10, round in 6 and slit like in 3 skulls. Conclusions: These anatomical variations in size
and shape of foramen ovale should be borne in mind during the surgical and diagnostic importance
around the foramen ovale.
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Material and Methods

The materials for the present study include 38 dry
adult human skulls of unknown sex obtained from
Bone Bank of the Department of Anatomy, IIMSR,
Warudi, Jalna. The posterior part of greater wing of
sphenoid was carefully examined for the existence of
FO and its patency was confirmed by inserting a probe
through. Skulls in poor conditions or skulls with
partly damaged surroundings of the FO were omitted
from the study. Maximum length (Anteroposterior
diameter) and width (transverse diameter) of foramen
ovale were measured with help of compass
aesthesiometer as shown in Fig.1. Variations in right
and left side   in length and width were calculated
and the variations in shape also recorded as oval,
almond, round and slit like.

Fig. 1: Measurement of foramen ovale with the help of Compass Aesthesiometer

Observation
In the present study, the mean length of FO was

7.27 ± 1.184mm on right side and 7.46 ± 1.13 mm on
left side. Whereas the observed maximum and
minimum length was 9.0 mm and 3.0 mm on right
side while 9.5 mm and 4 mm on left side. However,
the difference between the length of right and left side,
was statistically not significant.  The Maximum width
of FO was 5 mm on both sides, while the minimum
width of right and left side was 2.0 mm and 2.5
respectively, (Table 1), and the mean width on right
side was  3.18 ± 0.62 mm and 3.244 ± 0.75 mm on left
side  which is statistically insignificant. Shape of
foramen ovale was also observed. It was typically
oval in 36 sides (19 right & 17 left), almond in 22
sides (10 right & 12 left), round in 12 sides (6 right &
6 left ) and slit like in 6 (3 right & 3 left) (Table-2).

Table 1: Dimensions (in mm) of foramen ovale in right and left side
Values Length(right) Length(left) Width(Right) Width(left) 

Maximum 9 9.5 5 5 
Minimum 3 4 2 2.5 

Mean 7.27 7.46 3.18 3.21 
Table 2: Variations in appearance of foramen ovale

Shape  Right (n=38)  Left (n=38)  Total (n=76)  

Ovale  19 (50.00%)  17 (44.73%)  36 (47.36%)  
A lmond  10 (26.31%)  12 (31.57%)  22 (28.94%)  
Round 6 (15.78%) 6 (15.78%) 12 (15.78%)
Slit like 3 (5.26%)  3 (7.89%)  6 (6.57%)  
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Discussion

Foramen ovale (FO) is one of the important
foramina used for various invasive surgical as well
as diagnostic procedures. Knowing the anatomic
variations of foramen ovale is important because
surgical treatment of trigeminal neuralgia is most
commonly accomplished by microvascular
decompression by percutaneous trigeminal
rhizotomy done through FO [6].  In a study conducted
in India, forty patients of trigeminal neuralgia were
treated with percutaneous trigeminal ganglion
balloon compression. In all patients except one, the
needle could be introduced easily. The only exception
was the patient with foramen ovale stenosis, in whom,
the needle just fitted in the foramen. The accuracy of
percutaneous biopsy of cavernous sinus tumours
through the foramen ovale is 84% [7] and it is
important before making any decision to indicate
open surgical, radiosurgical or radiotherapeutic
treatment. Nasopharyngeal carcinoma (NPC)
frequently spreads intracranially and most common
route of spread is through the foramen ovale (34%)
[8]. The CT-guided transfacial fine needle aspiration
technique through FO to diagnose squamous cell
carcinoma, meningioma, Meckel cave’s lesions allows
biopsy of deep lesions that would otherwise require
open surgical biopsy or craniotomy. This results in
decreased patient morbidity and significant cost
reduction.  Electroencephalographic analysis of
seizure by electrode placed at FO is done.  FO  electrode
technique provided good neurophysiological
information in candidates for selective
amygdalohippocampectomy.  So knowledge of the
exact topography and morphometry of the FO
electrodes is required for a more precise anatomo-
electro-clinical correlation of seizures [9].

In the present study mean length of FO was 9mm
on right side and 9.5mm on left side. On comparing
length of foramen ovale on right and left side the later
was found to be longer than the former but the
difference between the two was statistically
insignificant (p>0.01).

In a study conducted by N.Gupta an average mean
length of foramen ovale was 7 mm on right side and
average length was 7.46 mm on left side and
difference between right and left side was observed
which is similar to present study [10]. In a
developmental study conducted in Japan by Yanagi,
1987, an average maximal length of foramen ovale
was 7.48 mm and average minimal length was 4.17
mm and significant difference between right and left
side was not observed which is similar to present
study [11].  Fluoroscopically-assisted laser targeting

of the FO conducted in New York by Landl MK, 2005,
showed length 6.9mm on right side and 6.8 mm on
left side with range length 5.0-10.0mm; left, 6.0-9.0mm;
right [12].

According to present study mean width on right
side was 3.18 mm and 3.21mm on left side. Maximum
width was 5.0 mm on both right and left sides.
Minimum width on right side was 2 mm and 2.5 mm
on left side. Difference between the width of right and
left side was statistically not significant (p > 0.01).

In a study conducted by N.Gupta maximum width
of foramen ovale was 5.0mm on both right and left
sides while minimum width was 1.0mm on right side
and 2.2mm on left side. Mean width on right side
was 3.21+\-1.02mm and 3.29+/-0.85mm on left side.
Difference between the width of right and left side
was statistically not significant (p > 0.01) [10]. Similar
findings were observed by a German study where
average width was 3.7mm in adult skull [13]. Average
width on right side was 3.4mm and 3.8mm on left
side was reported in a study conducted by
fluoroscopically- assisted laser targeting of foramen
ovale in New York [14]. Arun Kumar found in his
study that maximum length of foramen ovale was 9.8
mm and minimum length was 2.9 mm. Mean length
on left side was 6.56 mm,on the right side was 5.08
mm; Mean width on left side was 3.60 mm and on the
right side 3.64 mm [15].

In our study the shape of foramen ovale was oval
in 47.36%; almond in 28.94%; round in 15.78% and
slit like in 6.57% of skulls. Biswabina Ray [10] et al,
reported that maximum number of foramen to be oval
shaped 61.4% almond shaped 34.3%, round shaped
2.9% and slit like 2.9%. The similar results were
observed in developmental studies conducted by
Yanagi [11].

Roma Patel [16] et al mentioned variations in the
shape of foramen ovale as oval 59.5%, round 27.5%,
almond 12% and slit like 1%. A thorough
understanding of fetal growth and development is
the key to understanding both the completed normal
anatomic structure and the abnormal variations. Most
of the central skull base develops from endochondral
ossification through an intermediary chondrocranium.
The sphenoid bone consists of the body (formed by
the presphenoid and postsphenoid centres, with a
contribution from the medial crus of the
orbitosphenoid). The lesser and greater wings from
orbitosphenoids, alisphenoids  respectively [17]. The
ossification of the skull progresses in an orderly
pattern from posterior to anterior. The postsphenoid
(14 weeks) and then presphenoids (17 weeks) of the
sphenoid bone ossify.  Ossification is seen laterally
in the orbitosphenoid (16 weeks ) and the
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alisphenoids (15 weeks). A CT scan study of fetal
specimen with a gestational age of 22weeks 3 days
showed ossification of alisphenoid (that forms greater
wings) and FO seen as large defect. Ossification
around the large trunk of mandibular nerve takes
place later. Hence the variations observed in shapes
and margins of FO indicate bony outgrowth during
developmental process. FO is of great surgical and
diagnostic importance.  Knowledge of the variations
of its anatomy may help to better identify and preserve
important neurovascular structures during
approaches to the middle cranial fossa because
surgical treatment of TN is most commonly done by
microvascular decompression by percutaneous
trigeminal rhizotomy done through FO [17,18]. In a
study conducted in china, 100% success rate was
achieved when FO was punctured in TN
radiofrequency ablation under the guidance of X-ray
real time imaging [19]. Moreover
electroencephalographic analysis of seizure by
electrode placed at FO provided good
neurophysiological information in candidates for
selective amygdalo-hippocampectomy [09].
Nasopharyngeal carcinoma frequently spreads
intracranially via FO (34%) [08]. The CT guided fine
needle aspiration technique through FO permits
biopsy of deep lesions that otherwise require open
surgical biopsy or craniotomy, thus decreasing cost
and patient morbidity [20,21].

Conclusion

In the present study, the mean length of FO was
7.27 ± 1.184 mm on right side and 7.46 ± 1.13 mm on
left side. Whereas the observed maximum and
minimum length was 9.0 mm and 3.0 mm on right
side while 9.5 mm and 4 mm on left side. However,
the difference between the length of right and left side,
was statistically not significant. The Maximum width
of FO was 5 mm on both sides, while the minimum
width of right and left side was 2.0 mm and 2.5
respectively , (Table 1), and the mean width on right
side was 3.18 ± 0.62 mm and 3.244 ±  0.75 mm on left
side statistically insignificant difference between the two
sides. The various shapes of foramen ovale observed
were typically oval in 36 (19 right & 17 left), almond
in 22 (10 right & 12 left), round in 12 (6 right & 6 left)
and slit like in 6 skulls (3 right & 3 left) (Table 2).

This study is of clinical, diagnostic and anatomical
significance to medical practitioners in cases of
trigeminal neuralgia, detection of tumours, bony
outgrowth that may lead to ischaemia, necrosis and
possible paralysis of the parts of the body being

supplied, drained or innervated by its contents. And
it is of paramount importance in diagnosing any
aneurysm or vascular lesions of the cranial cavity.
This knowledge will be useful to neurosurgeons for
the identification and preservation of the
neurovascular structures when using approaches to
the middle cranial fossa. Also it is of important for
Anatomists & Anthropologists.

References

1.   Susan Standring.The Anatomical Basis of Clinical
Practice.In:Susan  Standring,editor. Gray’s Anatomy,
40th ed. London UK: Elsevier Churchill Livingstone;
2008.p.415.

2.    Gozil R, Keskil S, Calguner E, Tunc E, Kadioglu D,
Sevim A, Onal, B, Baykaner K: Neurocranial
morphology as determined by asymmetries of the
skull base. J Anat. 1996; 189: 673-675.

3.     Reymond J, Charuta A, Wysocki J. The morphology
and morphometry of the foramina of the greater
wing of the human sphenoid bone. Folia
Morphological. 2005; 64:188-93.

4.      Abd Latiff A, Das S, Sulaiman IM, Hlaing KP, Suhaimi
FH, Ghazalli H, Othman F. The accessory foramen
ovale of the skull: an osteological study. Clin Ter.
2009; 160(4): 291-3.

5.    Yi W, Ohman K, Brännström T, Bergenheim AT.
Percutaneous biopsy of cavernous sinus tumour via
the foramen ovale. Acta Neurochir (Wien). 2009;
151(4): 401-7.

6.     Gerber AM. Improved visualization of the foramen
ovale for percutaneous approaches to the gasserian
ganglion. Technical note: J Neurosurg 1994; 80:
156-9.

7.    Sindou M, Chavez JM, Saint Pierre G, et al.  Percutaneous
biopsy of cavernous sinus tumours through the foramen
ovale. Neurosurgery.1997; 40: 106-11.

8.   Chong VF, Fan YF, Khoo JB. Nasopharyngeal
carcinoma with intracranial spread: CT and MR
characteristics. J Comput Assist Tomogr. 1996; 20:
563-9.

9.   Wieser HG, Siegel AM. Analysis of foramen ovale
electrode-recorded seizures and correlation with
outcome following amygdalohippocampectomy.
Epilepsia. 1991; 32: 838-50.

10.  Ray B, Gupta N, Ghose S. Anatomic variations of
foramen ovale. Kathmandu University Medical
Journal. 2005: 3: 64-68.

11. Osunwoke E.A, Mbadugha C.C, Orish C.N,
Oghenemavwe E.L. and Ukah C.J. A morphometric
study of foramen ovale and foramen spinosum of
the human sphenoid bone in the southern Nigerian
population. Journal of Applied Biosciences. 2009; 26:
1631–35.

Zuberi Hussain Riyaz & Azhar Ahmed Siddiqui / Foramen Ovale: Morphometery & Its Surgical Importane



Indian Journal of Anatomy / Volume 5 Number 1 / January - April 2016

19

12. Yanagi S. Developmental studies on the foramen
rotundum, foramen ovale and foramen spinosum of
the human sphenoid bone. The Hokkaido Journal of
Medical Science. 1987;62(3):485-496.

13. Landl MK, Walter Grand. Trigeminal Neuralgia:
Fluoroscopically –Assisted Laser Targeting of the
Foramen Ovale. Technical Note.Minrad
International2005.

14.  Gusmao S, Oliveira M, Tazinaffo U, Honey CR.
Percutaneous trigeminal nerve radiofrequency rhizotomy
guided by computerized tomography fluoroscopy.
Technical note. J Neurosurg. 2003; 99: 785–6.

15.   James TM, Presley R, Steel FL. The foramen ovale
and sphenoidal angle in man. Anat Embryol (Berl).
1980;160: 93-104.

16.  Arun SK.Some observations of the foramina ovale
and spinosum of human sphenoid bone. J Anat Soc
India. 2006; 55: 100-01.

17.    Roma Patel & C D Mehta Morphometry of foramena
ovale at the base of skull in Gujarat. IOSR Journal of
Dental & Medical Sciences. June 2014; 13(6): 26 - 30.

18.  Nemzek WR, Brodie HA, Hecht ST, Chong BW,
Babcook CJ, Seibert JA,  MR, CT, and plain film
imaging of the developing skull base in fetal
specimens. American Journal of Neuroradiology.
2000; 21: 1699-706.

19.  Gusmão S, Oliveira M, Tazinaffo U, Honey CR.
Percutaneous trigeminal nerve radiofrequency
rhizotomy guided by computerized tomography
fluoroscopy. Technical note. J Neurosurg. 2003;  99:
785–6.

20.   He YQ, He S, Shen YX. Application of a new method
of revealing foramen ovale under X-ray in
radiofrequency ablation in the treatment of
trigeminal neuralgia. Br J Neurosurg. 2011; 25(6):
674-6.

21.     Dresel SH, Mackey JK, Lufkin RB, Jabour BA, Desalles
AA, Layfield LJ, et al. Meckel cave lesions:
percutaneous fine needle-aspiration biopsy cytology.
Radiology. 1991; 179: 579-82.

22.   Barakos JA, Dillon WP. Lesions of the foramen ovale:
CT-guided fine-needle aspiration. Radiology 1992;
182: 573-575.

Zuberi Hussain Riyaz & Azhar Ahmed Siddiqui / Foramen Ovale: Morphometery & Its Surgical Importane


