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SUMMARY – The sphenoid bone development occurs in both prenatal and postnatal periods. 
Sphenoid bone openings are used as surgical landmarks and are of great importance for neurosurgeons 
in everyday practice. The aim of this study was to identify morphological characteristics, postnatal 
development and remodeling, as well as clinical aspect of the sphenoid bone openings and to investi-
gate their relationship and difference in size. The macerated sphenoid bones analyzed in this study 
were scanned by micro-computed tomography. Areas and distance in-between foramen ovale and 
foramen rotundum were measured. In addition, different shapes of foramen ovale were described. The 
most common shape of foramen ovale on both sides was oval, followed by the round, almond and 
elongated shapes. Modest to strong positive correlations between all foramina and age for the whole 
sample and both subsamples were presented, except for the right foramen rotundum area in the male 
subsample, which did not show significant correlation with age. Our study revealed changes in post-
natal development and anatomy of foramen ovale and foramen rotundum, primarily in the aspects of 
size and shape, and should contribute to reducing the risk of damage to neurovascular structures dur-
ing surgical procedures.
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Introduction

Development of the human skull has been the sub-
ject of many studies that aimed to understand embry-
ology and anatomy of human skull and thus enable 
new surgical approaches to intracranial structures1,2. 
However, data available on the sphenoid bone devel-
opment during postnatal period are scarce3,4.

Sphenoid bone is an irregular unpaired bone at the 
base of the skull, consisting of a body and three pairs of 
processes, i.e. greater and lesser wings, and pterygoid 
processes. It is formed by fusion of different primor-
dial with different embryonic origins, developing from 
both intramembranous and endochondral ossification 
with the pre-sphenoid and post-sphenoid centers5-8. 
The sphenoid bone openings appear around and after 
the 8th gestational week, as skull base ossification oc-
curs in the vicinity of preexisting neurovascular bundle, 
i.e. vessels and cranial nerves5,6,9. Topographic anatomy 
of the sphenoid bone is of great clinical importance 
due to the vicinity of middle cerebral artery and tri-
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geminal nerve. Foramen rotundum (FR), for transmis-
sion of maxillary nerve, is situated at the anterior and 
medial part of the sphenoid bone, while foramen ovale 
(FO), for transmission of mandibular nerve, accessory 
meningeal artery, venous plexus, and sometimes the 
lesser petrosal nerve is placed at the posterior border of 
the greater wing, behind and lateral to FR.

The sphenoid bone, as well as its openings change 
their shape and size during postnatal development2,4,5. 
So far, anatomic variations in size, primarily diameters, 
i.e. length and width, and shape of FO and FR, as well 
as other sphenoid bone openings have been widely de-
scribed. Most of the studies report on the results ob-
tained on adult skull collections10-19, while only very 
few studies describe results on fetal, neonatal and post-
natal skulls2,4,5. In addition, studies have been conduct-
ed either on dry skull collections or cadavers10-13,15,17-19, 
or x-ray scans13, computed tomography (CT) scans14,16, 
or even magnetic resonance imaging (MRI) scans20, 
using different divider measurement devices such as 
Vernier, digital or other caliper10-12,15,17-19, or sophisti-
cated software13,14,16.

A number of studies were conducted on 
Asian4,10,12-15,17,18, South American16,17 and European5,11 
populations. The variability of sphenoid bone open-
ings, their size and shape across different world regions 
has been explained by population variation.

Foramen ovale was widely used as surgical land-
mark of high importance in neurosurgery as it enables 
access to the trigeminal nerve. Therefore, it is crucial to 
understand the exact development and topography of 
these structures. Approaches through FO are used for 
surgical treatment of trigeminal neuralgia, such as 
thermocoagulation of the trigeminal ganglion by ra-
diofrequency, needle aspiration techniques, and vari-
ous diagnostic procedures in different kinds of tu-
mors13,17,21-25.

The aim of this study was to identify and describe 
morphological characteristics, postnatal development 
and remodeling, as well as clinical aspect of the sphe-
noid bone openings, by analyzing development of FO 
and FR of the sphenoid bone utilizing micro-comput-
ed tomography (microCT) scanning.

Materials and Methods

Skulls

We examined 39 macerated and isolated sphenoid 
bones randomly selected from the Mini Skull Collec-

tion at Department of Anatomy, School of Medicine, 
University of Zagreb, Zagreb, Croatia, as previously 
described by Dumic-Cule et al. and Štoković et al.26,27. 
Skulls underwent the standard procedure of macera-
tion whereby a clean skeleton was obtained and di-
vided into individual bones. Damaged, fractured, or in 
any kind deformed isolated bones were excluded from 
the study. Specimens were aged from two months to 
seven years (including those aged seven years, i.e. be-
fore fusion of ossification centers). Appropriate ethical 
approval was obtained from the Research Ethics Com-
mittee of the University of Zagreb.

MicroCT

The microCT 1076 and analyzing software used in 
this experiment were procured from SkyScan™ (Kon-
tich, Belgium). The SkyScan™ 1076 is a high-perfor-
mance in vivo microCT scanner for preclinical re-
search. MicroCT uses a similar technique as x-ray to-
mography systems used in medicine but with increased 
resolution. Multiple 2D x-ray images were stored 
while the source/detector pair was rotated. Internal 
structures were reconstructed as a series of 2D cross 
sections which were then used to analyze the two- and 
three-dimensional morphological parameters of the 
object.

The sphenoid bones were scanned, and areas and 
distance in-between FO and FR were measured (Fig. 
1). In addition, the shape of FO was defined based on 
the already published classifications, as illustrated in 
Figure 2.

Fig. 1. MicroCT of isolated sphenoid bone.

Statistical analysis

Statistical analysis was performed using the SPSS 
Statistics software package (IBM Corp., Armonk, NY, 
USA). Data from microCT analysis were expressed as 
mean ± standard deviation. The normality of data was 
assessed using Shapiro-Wilk test. Analyses of sex dif-
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ferences in FO and FR areas were calculated using 
Mann-Whitney U test. Correlation between age and 
measured areas of foramina for all subjects, as well as 
for the sex subsamples, was calculated using Spear-
man’s rho correlation coefficients. The prevalence of 
different FO shapes was expressed in percentage and 
then objectively compared between sides. Further on, 
differences between the areas of foramina on the left 
and right side were analyzed using Wilcoxon signed 
rank test. The values of p<0.05 were recorded separate-
ly and assumed as significant.

Results

The shapes of FO on both the right and left sides 
of the sphenoid bone were detected according to the 
classification proposed (Table 1, Fig. 2). Oval shape 
was most common (56.4%), followed by round 
(33.3%), almond (7.7%) and elongated (2.6%) shapes. 
Oval shaped FO was more often found on the left 
side, while right FO was more often round shaped 
(Table 1). Left FO was most commonly oval shaped in 
both male and female specimens, while right FO was 
more often round shaped in female, but equally oval 
and round shape in male specimens (Table 2). De-

scriptive statistics for all measured variables are pre-
sented in Table 3.

Although age correlated with the areas of foramina 
(Table 4), no statistically significant age difference was 
found between the gender subsamples (U=155, p= 
0.323). Analyzing the possible sex differences in FO 
and FR areas, the areas of the left and right FO, as well 
as the right FR were not significantly different between 
males and females, while the area of the left FR was 
greater in the female subsample (U=109, p=0.037; me-
dian (males) 2.75 mm², median (females) 3.29 mm²).

Differences between the areas of foramina on the 
left and right side showed significant difference be-
tween the size of the right and left FO (Z=-2.299, 
p=0.022), with the left one having greater size on aver-
age. There was no statistically significant difference 
between the areas of the left and right FR (p>0.05). 
The same analysis was conducted on sex based sub-
samples; significant difference was recorded in the 
male subsample for FO (Z=-2.254, p=0.024), with the 
left one being bigger on average (median (left) 8.76 
mm², median (right) 7.84 mm²). There was no signifi-
cant difference in the female subsample between the 
left and right FO, and in the FR area in either male or 
female subsample.

Fig. 2. Classif ication of different shapes of foramen ovale: (A) oval; (B) round; (C) almond; and (D) elongated.

Table 1. Variations in the shape of foramen ovale

Left Right Total
Frequency Percent Frequency Percent Frequency Percent

Oval 28 71.8 16 41.0 44 56.4
Almond 3 7.7 3 7.7 6 7.7
Round 7 17.9 19 48.7 26 33.3
Elongated 1 26 1 2.6 2 2.6
Total 39 100.0 39 100.0 78 100.0
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Correlations between age and measured areas of 
foramina for the whole sample and for the subsamples 
based on gender were calculated. Modest to strong 
positive correlations were recorded between foramina 
area and age for the whole sample and both subsam-
ples, with the exception of the right FR in the male 
subsample (Table 4, Fig. 3).

Additionally, positive correlation of age with dis-
tance between FO and FR was found for both the left 
(r=0.838, p<0.001) and right (r=0.744, p<0.001) size of 
sphenoid bone.

Discussion

Since sphenoid bone changes shape and size dur-
ing development in the postnatal period, there was a 

change in the morphology of the bone apertures, espe-
cially pronounced in the period before ossification1,2. 
Anatomic variations in shape and dimensions of sphe-
noid bone openings are common, therefore, detailed 
developmental and anatomic analysis is of great im-
portance for safe neurosurgical therapeutic guide-
lines13,17,21-25.

Numerous anatomic morphometric studies of 
sphenoid bone openings were performed. So far, ana-
tomic studies focused primarily on diameters, i.e. the 
length, width and shape of FO, FR, and other sphe-
noid bone openings10-19.

Very few quantitative morphometric studies in-
cluded fetal and postnatal skull bones4,5, while most of 
morphometric data were reported on adult sphenoid 
bone openings10-19. Postnatal measurements were pre-

Table 2. Descriptive statistics for measured parameters in different shapes of foramen ovale

Oval Almond Round Elongated
Left FO Gender

(n, %)
Male 11

57.9%
3
15.8%

5
26.3%

0
0.0%

Female 17
85.0%

0
0.0%

2
10.0%

1
5.0%

Age (years) M (SD) 2.02
(1.81)

0.78
(0.39)

1.33
(2.09)

6.0
(-)

Area (mm²) M (SD) 10.80 (4.46) 7.96
(1.03)

9.17
(4.51)

8.59
(-)

Right FO Gender (n, %) Male 9
47.4%

1
5.3%

9
47.4%

0
0.0%

Female 7
35.0%

2
10.0%

10
50.0%

1
5.0%

Age (years) M (SD) 1.19
(0.94)

5.00
(1.00)

1.79
(1.97)

6.0
(-)

Area (mm²) M (SD) 7.61
(3.29)

14.88
(4.09)

9.51
(3.65)

8.72
(-)

FO = foramen ovale; n = number; M = arithmetic mean; SD = standard deviation

Table 3. Descriptive statistics for age (years) and areas (mm²) of sphenoid bone foramina for the whole sample

Age N Min Max Median Mean SD Shapiro-Wilk p
39 0.17 6.00 1.00 1.90 1.91 0.80 0.001

Left FO area 39 3.12 19.12 8.95 10.22 4.27 0.95 0.10
Right FO area 39 2.03 19.60 8.72 9.13 3.89 0.98 0.67
Left FR area 39 1.30 6.50 2.95 3.24 1.31 0.90 0.002
Right FR area 39 1.67 7.27 3.43 3.54 1.33 0.95 0.08
FO-FR distance (left) 39 6.52 13.82 10.34 10.31 1.76 0.98 0.56
FO-FR distance (right) 39 7.33 13.71 10.30 10.55 1.73 0.97 0.45

FO = foramen ovale; FR = foramen rotundum; SD = standard deviation
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sented by Lang in 1984; the newborn FR length was 
about 2.5 mm, while the FO length was about 3.85 
mm5. Neither width nor surface was measured, and the 
author did not report any statistical differences be-
tween the right and left side morphometry5. As men-
tioned previously, most morphometric data on FO and 
FR have been acquired in studies including adult 
skulls, cadavers, or patient scans10-19. In the literature, 
the value of FO length and width varies at around 7-9 
mm and 3-5 mm, respectively. Additionally, measure-
ment of surface area was approximately 30 mm2. 
Moreover, in the majority of case studies, the measured 
values did not show significant difference between the 
left and right side for length, width, or area4,5,10-19. Due 
to the lack of measurements on postnatal species in the 
literature, it is not possible to compare our results with 
the currently available literature. However, data from 
our study showed that the left FO area had a signifi-
cantly larger surface when comparing to the right one, 
while the right FR surface was larger than the left one. 
Such a phenomenon could be explained by uneven os-

sification of the skull bones, which can take several 
years2,5,6,9. Although gender subsamples revealed no 
significant difference in FR between the left and right 
side in either male or female subsample, significant 
difference between the left and right FO was recorded 
in the male subsample, with the left one being bigger 
on average. Furthermore, FO and FR areas seemed 
consistent between the left and right side in the female 
subsample over years, whereas in the male subsample 
difference in size seemed to diverge with an increasing 
trend over years. This observation could be explained 
by several reasons such as hormonal and metabolic sta-
tus, uneven ossification, etc.2,5,6,9. Unlike the mentioned 
studies, our results indicated modest to strong positive 
correlations between the foramina area observed and 
age for the whole sample and gender subsamples, with 
the exception of the right FR in the male subsample.

According to the literature, there is great variability 
between the shapes of the skull base openings4,5,10. Per-
fect ring-shaped formation of FR was observed in all 
cases of fetuses after the 4th fetal month; in the prena-

Table 4. Spearman’s rho correlation coefficients between age (years) and areas (mm²) of sphenoid bone foramina  
for the whole sample and sex subsamples

Right FO Left FO Right FR Left FR
r p r p r p r p

Total sample (n=39) 0.629 0.001 0.734 0.001 0.529 0.001 0.522 0.001
All M (n=19) 0.570 0.011 0.729 0.001 0.391 0.098 0.488 0.034
All F (n=20) 0.701 0.001 0.666 0.002 0.494 0.027 0.467 0.044

FO = foramen ovale; FR = foramen rotundum; M = male; F = female

Fig. 3. Scatter plots showing left and right foramen ovale and foramen rotundum area (mm3) correlation with age 
separately for males and females.
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tal period, it was mostly oval-shaped and became 
round-shaped after birth4. The earliest perfect ring-
shaped formation of FO was observed in the 7th fetal 
month and the latest at three years after birth. The 
bony overgrowth during its developmental process is 
often evidenced by the appearance of tubercle, bony 
spur, and bony plate surrounding the FO19.

In various studies, FO was mainly shown to be 
oval-shaped4,5,10-12,19. Besides oval, FO shapes were de-
scribed as almond, round, kidney, pear, strip, elongated, 
and irregular shape12,14,19. In the majority of available 
studies, oval shape was described in more than 60% of 
specimens, followed by round and almond shapes, and 
in few percents, elongated or irregular shape12,14. In our 
study, oval shaped FO was presented in 56% of speci-
mens in total, 71% on the left and 41% on the right 
side, followed by the round shape, almond shape, and 
elongated shape. The left FO was mostly oval shaped 
in both subsamples, while the right FO was more of-
ten round in the female subsample, and equally often 
round and oval in the male subsample.

Variation in the size and shape of FO could be de-
velopmentally explained since sphenoid bone develops 
from both intramembranous and endochondral ossifi-
cation, as mentioned previously5-8. When observing 
sphenoid bone openings, namely FO, most of them are 
formed as one main FO and accessory foramina, or as 
one FO divided by thin osseous trabecula. The pres-
ence of an accessory FO, as a 2.3 mm long canal, be-
ginning with an opening in front and medial to FO 
and leading to near to the root of the pterygoid pro-
cess, and transmitting probably some of the separate 
rootlets for chewing muscles has been previously de-
scribed28. Thus, the occasional presence of an accessory 
foramen besides the FO is probably due to the interac-
tion of different parts during intramembranous ossifi-
cation and the venous plexus from the middle menin-
geal veins to pterygoid venous plexus15. In our speci-
mens, accessory FO was found on the left side on two 
isolated sphenoid bones.

In clinical practice, the sphenoid bone and its 
openings are of great importance according to differ-
ent studies; therefore, any variation in their size or 
shape can severely complicate both diagnostic and 
therapeutic procedures13,17,21-25,29,30. Identification of 
mechanical compression points and the relationship 
between trigeminal nerve and the surrounding soft 
and bony structures was previously examined24. FO is 

an important target in various interventions. Percuta-
neous micro balloon compression for treating trigemi-
nal neuralgia via FO is a well-established technique, as 
well as percutaneous approach to trigeminal cave21,23. 
The FO cannulation has been used for electroencepha-
lographic temporal lobe analysis in patients undergo-
ing selective amygdalohippocampectomy31. Addition-
ally, if imaging is not enough to ascertain an accurate 
pathologic diagnosis of parasellar lesions, percutane-
ous biopsy using the transjugular-transoval route ap-
proach should be performed25.

Our study contributed to the understanding of 
postnatal development and remodeling of the sphe-
noid bone openings in order to minimize the possible 
risk of damaging important anatomic structures in the 
mentioned endoscopic and surgical procedures and 
treatments.
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Sažetak

OVALNI I OKRUGLI OTVOR: KARAKTERISTIKE POSTNATALNOG RAZVOJA

M. Raguž, I. Dumić-Čule, F. Almahariq, D. Romić, D. Gajski, A. Blažević, N. Predrijevac, A. Rotim,  
Ž. Snoj, B. Brkljačić i D. Chudy

Razvoj klinaste kosti odvija se u prenatalnom i postnatalnom razdoblju. Otvori klinaste kosti se koriste kao kirurški ori-
jentiri i od velike su važnosti za neurokirurge u svakodnevnoj praksi. Cilj ovoga istraživanja bio je prikazati morfološke 
 karakteristike, postnatalni razvoj i preoblikovanje, kao i klinički aspekt koštanih otvora klinaste kosti te istražiti njihov odnos 
i razliku u veličini. Macerirane klinaste kosti analizirane u ovom istraživanju skenirane su mikroCT-om. Izmjerene su povr-
šine i udaljenost između ovalnog i okruglog otvora. Uz to, opisani su različiti oblici ovalnog otvora. Najčešći oblik ovalnog 
otvora obostrano je ovalni, potom okrugli, bademasti i izduženi oblik. Prikazane su umjerene do jake pozitivne povezanosti 
između svih otvora i starosti za cijeli uzorak i oba poduzorka, osim površine desnog okruglog otvora u muškom poduzorku 
koji nije pokazao značajnu povezanost s godinama. Naše istraživanje otkrilo je promjene u postnatalnom razvoju i anatomiji 
ovalnog i okruglog otvora, prvenstveno u pogledu veličine i oblika, što bi trebalo doprinijeti smanjenju rizika od oštećenja 
krvožilnih i živčanih struktura tijekom kirurških zahvata.

Ključne riječi: Ovalni otvor; Okrugli otvor; Mikro kompjutorizirana tomografija; Klinasta kost


