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ABSTRACT

Objective: This study aimed to evaluate the sphenoid sinus septation, the presence/absence of Onodi cells, and the relationship
between these structures with each other in cone-beam computed tomography.

Methods: A total of 500 cases (250 males, 250 females) between the ages of 18 and 81 were included in this study. Sphenoid
sinus septations were classified as intersphenoid, multiple, and absent, and Onodi cells as present or absent. The relationship
between these parameters was also assessed. Chi square test was used to determine the relationship between sphenoid sinus
septation and Onodi cells.

Results: Multiple septa seen in 451 (90.2%) of the cases is the most common type of sphenoid septation. Onodi cells were pres-
entin 327 (65.4%) of the cases. A statistically significant relationship was detected between Onodi cells and mean age (P < .05)
but no significant difference was observed between the septation and mean age (P > .05). There was no significant difference
between the septation or Onodi cells with gender (P > .05). Multiple septa were observed in all cases with Onodi cell. The rela-
tionship between sphenoid sinus septation and Onodi cell was statistically significant (P < .001).

Conclusion: This study revealed that there was a significant relationship between sphenoid sinus septation and Onodi cells.
The presence of Onodi cells was observed only with multiple septa. Cone-beam computed tomography is an effective imaging
method in the evaluation of sphenoid sinus anatomy and its variations and surrounding anatomical structures.
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INTRODUCTION

Paranasal sinus anatomy can be defined according to the devel-
opment degree of each sinus, the pneumatization variations
(additional extensions of air-filled cells from the ethmoid com-
plex or from the sphenoid sinuses to the enclosing bone), and
variations in the bony structure.' The sphenoid sinuses, the most
posterior of the paranasal sinuses, are situated in the center of
the skull base, in the body of the sphenoid bone. They are sur-
rounded by some important structures such as the Vidian nerve
in the sinus floor, the trigeminal nerve situated in the infero-lat-
eral wall, the carotid artery in the mid-lateral sinus wall, and the
optic nerve located in the superior lateral wall.??

Since the bony canal of the optic nerve and/or of the internal
carotid artery may be associated with the sphenoid septations,
great care should be taken during the removal of these septa-
tions in surgical procedures.* The sphenoid sinus septum is gen-
erally in the anterior midline, in line with the nasal septum, but

the sphenoid septum can deviate from the midline to any side,
curved, displace vertically, transversely, or obliquely. Thus, the
2 sinus cavities may not be equal to each other.** The septum
can be S- or C-shaped, complete or incomplete. There may also
be an accessory septum in the sinus.*

The optic nerve can be surrounded by an air cell named the
sphenoethmoid or Onodi when the most posterior ethmoid air
cells in superior location extend posterolaterally and the ante-
rior wall of the sphenoid sinus is displaced. The optic nerve in
the Onodi cell can be found without a bone cover and its surface
can be unprotected. The Onodi cell is a significant anatomical
guide in surgical interventions to the lateral sphenoid sinus and
the posterior ethmoid cells due to its relationship with the optic
nerve which is vulnerable.*

Because the Onodi cell and the sphenoid sinus share a com-
mon bony wall, the Onodi cell can mistakenly thought to be the
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Figure 1. Sphenoid sinus septation types on coronal (A, B, C) and axial (D, E, F) CBCT sections: Intersphenoid septa (A, D), multiple
septa (B, E), and absence of septa (C, F). CBCT, cone-beam computed tomography.

sphenoid sinus, but the sphenoid sinus is located inferiorly.* If
there are unilateral or bilateral sphenoethmoidal air cells on cor-
onal sections, there is a horizontal or cruciform septa because of
air cell situated superiorly to the posterior choana (generally the
sphenoid) that displaces the anterior wall of the sphenoid sinus
horizontally, so that the sphenoid and the posterior ethmoid air
cells can be distinguished from each other.t Because all sphenoid
sinus septations are vertically directed, and if there are horizon-
tally directed septa within the sphenoid sinus in sagittal sections,
indeed, these septations belong to posterior ethmoid sinus.’

One of the methods used to provide multiplanar imaging for
the maxillofacial region is cone-beam computed tomography
(CBCT). Cone-beam computed tomography is a technical devel-
opment in computed tomography (CT) imaging and suitable
for use in situations limited with the head scanning because
CBCT has relatively lower radiation dose and high isotropic spa-
tial resolution compared to CT which is a large and expensive
modality.”® Cone-beam computed tomography is considered to
be suitable for evaluation of paranasal sinus anatomy and surgi-
cal results and the imaging of intra- and perioperative osseous
structures.’

Sphenoid sinus septations and Onodi cells are adjacent or asso-
ciated with some neurovascular structures, and also Onodi cells
are related to the walls and septations of sphenoid sinus. These
structures and their relationships are important both during vari-
ous sinus surgeries and in preoperative radiographic examina-
tions. There are some investigations in the literature examining

Main Points

-+ The presence of Onodi cells was observed only with mul-
tiple septa.

- A relationship was detected between sphenoid sinus sep-
tation and Onodi cell.

« Cone-beam computed tomography is a suitable imaging
method for the evaluation of sphenoid sinus.

the sphenoid sinus septations and Onodi cells with CBCT or
CT,'"> however, as far as we know, there is no study evaluating
the relationship between these parameters. Therefore, the aim
of this study was to assess the septation of sphenoid sinus, the
presence/absence of Onodi cells, and the relationship between
these structures with each other on CBCT.

METHODS

Study Design

Before the study, the ethical approval was obtained from
Gaziantep University Ethics Committee (Decision No: 2020/245).
The tomographical records in CBCT archive in Gaziantep
University Faculty of Dentistry, Dentomaxillofacial Radiology
Department were used and examined retrospectively. Images
were acquired with Planmeca 3D Mid (ProMax, Helsinki, Finland)
CBCT device, and Romexis software (Helsinki, Oy, Finland) was
used for the analysis of the images. Multiplanar images with
16 x 16 and 16 x 9 cm field of view, a voxel resolution of 0.4 mm?,
and a slice thickness of T mm were used.

Sphenoid sinus septation and Onodi cells were examined
according to mean age and gender in 500 cases (250 males,
250 females) between the ages of 18 and 81, and the rela-
tionship between these parameters with each other was also
investigated. Images with fracture line due to trauma in the
maxillofacial area or any maxillofacial lesion, sphenoid sinus dis-
ease, intracranial tumors, and craniofacial anomalies were not
included in the study.

Sphenoid sinus septations were examined in coronal and axial
sections, and they were classified as intersphenoid, multiple, or
absent (Figure 1). If there was a single septa extending vertically
from the superior to the inferior, located at or near the midline
and dividing the sinus into 2 equal/unequal cavities, it was noted
as the intersphenoid septa. If there was one or more complete
or incomplete accessory septa in addition to the main septum, it
was evaluated as multiple septa, and sinuses without septa were
recorded as “absent”
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Figure 2. Onodi cells on CBCT sections: coronal (A; asterisks)
and sagittal (B; asterisk). CBCT, cone-beam computed
tomography.

The presence or absence of Onodi cells was investigated in
the coronal and sagittal planes (Figure 2). Sinuses with at least
1 Onodi cell were classified as “present” in these images, and
sinuses without any Onodi cells were classified as “absent.”

All CBCT images were assessed by the same maxillofacial
radiologist. In order to determine the intra-observer calibra-
tion, the evaluations made by the observer were repeated in
100 randomly selected CBCT images (20% of all images), 2 weeks
after the initial assessment, and intra-observer calibration was
examined.

Statistical Analysis

Intraclass correlation coefficient was used to calculate intraob-
server agreement. The conformity of the data to normal distribu-
tion was evaluated by Shapiro Wilk test. Chi square test was used
to determine the relationship between sphenoid sinus septation
and Onodi cells. As descriptive statistics, mean + standard devia-
tion for numerical variables and number and % values for cat-
egorical variables were given. Statistical Package for the Social
Sciences software (version 24.0) (Armonk, NY, IBM SPSS Corp.)
was used for statistical analysis, and P value < .05 was considered
statistically significant.

RESULTS

Of the total 500 CBCT images between the ages of 18 and 81
(mean 46.11 + 15.90), 250 were male (50%), 250 were female
(50%), and the mean age was 47.02 + 15.78 and 45.19 + 16.01,
respectively. The intraobserver reliability coefficient for all evalu-
ations was found to be almost perfect (0.91).

When the distribution of sphenoid sinus septation was investi-
gated, 44 (8.8%) cases had intersphenoid septation, 451 (90.2%)
had multiple septa (Table 1). The sphenoid septum was absent
in 5 (1%) cases. The relationship between the mean age and
septation was also assessed. The mean age was 46.36 + 17.65
for intersphenoid septa, 46.14 + 15.75 for multiple septa, and
40.60 + 15.66 for absent. No significant difference was deter-
mined between the septation and mean age (P > 0.05).

When the relationship of Onodi cells with mean age was exam-
ined, the mean age of 327 (65.4%) cases with Onodi cells was
found to be 47.34 + 15.32, and the mean age of 173 (34.6%)
cases without Onodi was 43.77 + 16.76 (Table 1). A statistically

Table 1. Distribution of Sphenoid Sinus Septation and Onodi
Cell According to Mean Age

Age
(Mean + SD) P

46.36 + 17.65 .751

N (%)

Sphenoid Intersphenoid 44 (8.8)
sinus

. Multiple 451 (90.2) 46.14 + 15.75
septation
Absent 5(1.0) 40.60 + 15.66
Onodi Present 327 (65.4) 47.34 + 15.32 .033*
cell Absent 173 (34.6) 43.77 + 16.76

SD, Standard Deviation.
*P < .05.

significant relationship was detected between Onodi cells and
mean age (P < .05).

The distribution of sphenoid sinus septation and Onodi cell
according to gender was shown in Table 2. In males, 27 of the
cases (10.8%) had intersphenoid, 220 (88.0%) had multiple septa,
while 3 (1.2%) had no septa. In females, intersphenoid septa were
in 17 (6.8%) cases, multiple septa in 231 (92.4%), and 2 (0.8%)
had no septa. The frequency of Onodi cells in males and females
was 156 (62.4%) and 171 (68.4%), respectively, and the absence
of Onodi cells in genders was 94 (37.6%) and 79 (31.6%), respec-
tively. There was no significant difference between the septation
or Onodi cells with gender (P > 0.05).

The presence of Onodi cells was observed only with multiple
septa (Table 3). The cases without Onodi were found together
with multiple septa in 24.8% and with intersphenoid septa in
8.8%. The rate of cases with the absence of both Onodi cells and
septa together was 1%. When the sphenoid sinus septation and
Onodi cell were compared, a statistically significant relationship
was observed (P <.001).

DISCUSSION

In this study, sphenoid sinus septation and Onodi cells were
investigated according to mean age and gender on CBCT images
and the relationship between these parameters was evaluated.
In the literature, few studies have been found investigating
sphenoid sinus septation and Onodi cells in CBCT,* but to the
best of our knowledge, there is no published study assessing the
relationship between these parameters. In this study, a statisti-
cally significant relationship was found between sphenoid sinus
septation and Onodi cells. Multiple septa were observed in all

Table 2. Distribution of Sphenoid Sinus Septation and Onodi
Cell According to Gender

Male N (%) Female N (%) P
Sphenoid Intersphenoid 27 (10.8) 17 (6.8) .254
SIEs Multiple 220(88.0) 231 (92.4)
septation
Absent 3(1.2) 2 (0.8)
Onodi cell Present 156 (62.4) 171 (68.4) .158
Absent 94 (37.6) 79 (31.6)
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Table 3. Relationship Between Sphenoid Sinus Septation and Onodi Cell

Sphenoid Sinus Septation

Intersphenoid N (%) Multiple N (%) Absent N (%) Total N (%) P
Onodi cell Present 0 (0) 327 (65.4) 0 (0) 327 (65.4) .000*
Absent 44 (8.8) 124 (24.8) 5 (1.0) 173 (34.6)
Total N (%) 44 (8.8) 451 (90.2) 5 (1.0) 500 (100)
*P < .05.

cases with Onodi cells. The most common sphenoid septation
type was multiple (90.2%). Onodi cells were present in 65.4% of
the cases.

When the sphenoid sinuses are well developed, structures such
as the vidian (pterygoid) canal, foramen rotundum (maxillary
nerve), optic nerve, and internal carotid artery can be defined by
their indentations in the sinus cavity. These anatomical associa-
tions can be a potential surgical risk factor because fracture or
removal of any sphenoid septa or indentations can cause injuries
to surrounding nerves or vessels. The location and number of the
sphenoid sinus septations are highly changeable and they usu-
ally attach to the osseous canal of the internal carotid artery and/
or optic nerve, which extends into the posterolateral sphenoid
sinus.*?

The sphenoid and posterior ethmoid cells are also interrelated.
The posterior ethmoid cells invading the sphenoid in the pos-
terior and superior direction will cause contact of these cells
with the optic nerve’® Also, this posterior ethmoid cell, called
the Onodi cell, shares a bony wall with the sphenoid sinus.*
Therefore, it should not be passed to more posterior part of the
sphenoid sinus which has become an important landmark in
ethmoidectomies.®

Sphenoid sinuses usually have an intersphenoid septum.’
In most of the studies evaluating septa, the incidence of sin-
gle/main intersphenoid septum was found to be quite high.
Idowu et al'® found this rate as 95%, Hamid et al'? 71.6%,
ELKammash et al'” 70%, Rahmati et al'® 69.8%, Anusha et al®
53.7%, and Kayalioglu et al®*® detected it as 46% in their study
with bony specimens. Although this rate was seen as 38%,”
29.6%,% 28.1%,% and 20%?2* in some studies, the incidence in our
study was 8.8% and it was much lower than in others. When the
intersphenoid sinus septation was evaluated according to gen-
der, Kapur et al*® found that this parameter was 68% and 77.9%
in males and females, respectively, and Akgil et al* detected
this rate as 48.1% and 43.7%, respectively. In the present study,
intersphenoid sinus septa were found as 10.8% in males and
6.8% in females.

The prevalence of multiple sphenoid sinus septa has been
observed at around 50% in some studies,’*?*?” and in some'%'728
at lower rates. This prevalence has been reported by Sareen
et al** as 80% in their research on cadavers, Jaworek-Tro¢ et al?
as 78.04%, Seddighi et al?®* as 71.9%. In our research, this value
was found to be 90.2%, consistent with other studies. When

multiple septa were evaluated according to gender, Kapur et al*®
found this as 32% and 22.1% in males and females, respectively,
and Akgul et al* found it as 51.9% and 56.3%, respectively. In
this study, higher rates were detected to be 88.0% and 92.4%,
respectively, compared to other studies.

Considering the studies with the absence of septa, the frequency
in the control group in Yalgin's? study was 14.8%, 10.8% in the
study of Hamid et al,’> 7.5% in the study of Ngubane et al*® 4%
in the study of Wiebracht and Zimmer.?® In the CT study of Sirikci
et al,*" in the anatomical and endoscopic study of Tan and Ong?
on cadavers, and in the research of Seddighi et al?®* on pituitary
adenomas on CT, there was no case without septa. Similarly, in
the current study, the absence of septa was observed in only 1%
of the cases.

In investigations with CT, the incidence of Onodi cells was
reported by Wada et al*? as 50.8% in the study group with a
mean age of 55.6, Chmielik and Chmielik*®* as 39.8% in their
study between the ages of 8 and 18, Hwang et al** as 32% in the
study among persons aged 19-76 years, Ozturan et al* reported
it as 16.6% in their study between the ages of 13 and 91. In the
present study, the mean age was 47.34 + 15.32 years and its inci-
dence was higher (65.4%) than the others, and a significant rela-
tionship was detected between the mean age and Onodi cells. It
was observed that the mean age of the patients with Onodi cells
was higher than those without Onodi cells.

When the Onodi cells were assessed according to gender,
Tomovic et al*® on CT found this parameter as 62.2% and 63.5%
in males and females, respectively, and Thanaviratananich et al*’
in the endoscopic study on cadavers detected this rate as 58.7%
and 63.2%, respectively. Ozdemir et al*® on CT observed this
parameter as 24.5% and 17.6% in males and females, respec-
tively, and Avsever et al’® on CBCT found this rate as 4.3% and
5.1%, respectively. In our study, Onodi cells were observed as
62.4% in males and 68.4% in females.

In the study of Driben et al'® with CT and subsequent endo-
scopic dissection on adult human cadavers, the prevalence of
Onodi cells detected was 7% and 39%, respectively, and signifi-
cant difference was found between analyses. Weinberger et al
observed Onodi cells with a frequency of 8% in CT analysis and
14% in cadaver samples. In the CT study on different ethnicity of
Hindi et al,* the relationship between the racial group and the
incidence of Onodi cells was significant and they reported the
incidence in the Chinese group higher than the others. Ozdemir
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et al*® found the prevalence of Onodi cells on CT as 21.2% in
the Turkish population. Tomovic et al,*® in the study with differ-
ent ethnic groups, found no statistically significant difference
between the groups, and they detected Onodi cells in 57.0%
of the African American population, in 62.7% of the Hispanic
population, and in 73.1% of the White population. In the current
study, consistent with these data, the incidence of Onodi cells
was observed to be 65.4%.

Knowing the anatomical relationships of the sphenoid sinus is
important because it can help explain the unusual symptoms
caused by sphenoid sinus disease, as well as avoid surgical com-
plications.> Cone beam computed tomography scanning of the
paranasal sinuses provides useful information in evaluating the
extent of the Onodi cell and detailed anatomy before the endo-
scopic sinus surgery.* Cone-beam computed tomography is an
imaging method suitable for use in evaluating the bone struc-
ture of the head region and paranasal sinus anatomy and is rela-
tively low-dose compared to CT.” Therefore, in our study, CBCT
was used in the evaluation of sphenoid sinuses.

It has been reported that a horizontal septum crossing the sphe-
noid sinus lumen in coronal or sagittal plane images indicates the
presence of Onodi cells.>® This means that there is at least 1 sep-
tum in the sphenoid sinuses where Onodi cells are detected. In
the present study, a statistically significant relationship was found
between sphenoid sinus septation and Onodi cells. The fact that
only multiple septations were found in cases that detected Onodi
cells showed there was also another septa in addition to the hori-
zontal septum. In accordance with the existing literature, in our
study, if the sphenoid sinus septa were absent, Onodi cells were
also absent. It can be thought that this relationship is due to the
anatomical proximity of septa and Onodi cells and the variations
during the development of these structures.

The difference between these results we obtained and the
results of other studies may be due to reasons such as ethnic-
ity, the study group consisting of living individuals/cadavers/dry
bones, different sample numbers, or age groups. It may also be
due to differences between study groups and imaging methods
and using different classifications in the evaluation of sphenoid
sinus septation.

The limitation of this study was that the medical history or sys-
temic diseases of the cases were not known as the study was
retrospective. Therefore, studies that are prospective or involve a
particular pathological condition affecting the paranasal sinuses
may be planned in the future. In addition, by increasing the num-
ber of samples, studies can be conducted in different popula-
tions and according to age groups.

CONCLUSION

In this study, the distribution of sphenoid sinus septation and
Onodi cells according to mean age and gender was investi-
gated, and a significant relationship was found between these
parameters. Onodi cell was observed only with multiple septa.
It is important to know these structures and their relationship
with each other to define the variations in the surrounding

Eur J Ther 2022;28(3):230-235

neurovascular structures, planning and performing various
sinus surgeries correctly, and avoid complications. Cone-beam
computed tomography is an effective imaging method in the
evaluation of sphenoid sinus anatomy and its variations and sur-
rounding anatomical structures.
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