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Background: The Onodi cell (sphenoethmoidal cell) is an anatomical variation of the most posterior ethmoid air cell that
pneumatizes laterally and/or superiorly to the sphenoid sinus and is intimately in contact with the optic nerve. If it is infected
or goes unrecognized during surgery, it may result in serious damage to the optic nerve. Nowadays, computed tomographic
scans of paranasal sinuses (CT PNS) have been used to detect variations in paranasal sinus anatomy. However, there is a
lack of data about the variations of Onodi cell.

Objective: To determine the prevalence and various patterns of Onodi cell.

Material and Method: Axial, coronal, sagittal and sagittal oblique (parallel to the optic canal) CT scans of the paranasal
sinuses, nasopharynx, neck and orbit performed at Srinagarind Hospital between January 1, 2004 and November 30, 2006
were reviewed. A pilot study was carried out to investigate the inter-rater reliability of the identification of Onodi cell between
the radiologist and rhinologist until the kappa value was 0.74. During the main study, the radiologist and rhinologist
interpreted the CT scans independently. If there was a discordant opinion concerning the presence of Onodi cell, a consensus
was reached by discussion between the rhinologist and the radiologist.

Results: 187 CT scans (374 sides) were included. Sagittal oblique view detected Onodi cell in 185 sides 49.5% (95% CI: 44.4-
54.5). The patterns of Onodi cell were classified into three patterns. In the first pattern, the Onodi cell extended only superiorly
to sphenoid sinus (46%; 95% CI: 38.9-53.1). In the second pattern, it extended only laterally to sphenoid sinus (1%, 95% CI:
0.3-3.9). The last pattern was a combined type, lateral and superior to sphenoid sinus (53%;, 95% CI: 45.8-60.0).
Conclusion: The prevalence of Onodi cell diagnosed by CT scans was 49.5% (95% CI 44.4-54.5) and the most common
pattern was the combined type. This information may be useful for those who perform endoscopic sinus surgery.
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The Onodi cell (sphenoethmoidal cell)™®
(Fig. 1) is an anatomical variation of the most posterior
ethmoid air cell which pneumatizes superolaterally to
sphenoid sinus and is intimately related to the optic
nerve. If it is infected or goes unrecognized during
surgery, it may result in serious damage to the optic
nerve. Nowadays, computed tomographic scans of
paranasal sinuses are used to detect variations in
paranasal sinus anatomy. However, there is a lack of
data about the variations of Onodi cell.
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The reported prevalence of Onodi cell varies
according to the method of identification used. Driben
et al® showed that the prevalence of Onodi cell was
39% on endoscopic examination in cadavers vs. 7%
on axial view of CT scans. Weinberger et al® showed
that the prevalence of the Onodi cell was 14% on
endoscopic examination in cadavers vs. 8% on coronal
view of CT scans. Arslan et al®, Unal et al®, and
Nitinavakarn et al® studied CT scans using two views
(axial and coronal). These studies showed that the
prevalence was 12%, 8% and 25% respectively. Yeoh
et al” and Thanaviratananich et al® performed
endoscopic examinations of the posterior ethmoid
sinuses in Asian cadavers. They found that the
prevalence were 51% (95% CI: 41.4-60.5) and 60%
(95% CI: 47.9-71.0) respectively. These studies as
above showed that endoscopic examination could
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detect Onodi cell more accurately than CT scans using
two views.

CT scanning technology has advanced
significantly in recent years. They can now be
performed with thinner slices and provide details in
three views (axial, coronal, and sagittal views).
Bansbreg et al® and Batra et al'” studied in CT scans
and showed that the prevalence of Onodi cell as
determined with three views was more than when only
two views were used (48% and 28.1% respectively).
However, these studies did not compare the results
with the results of endoscopic examinations and did
not describe variations in the anatomical pattern of
Onodi cell. Therefore, the present study was conducted
to give a more thorough evaluation of prevalence of
Onodi cell.

Material and Method

The present study included axial, coronal,
sagittal, and sagittal oblique (parallel to the optic canal)
CT scans of the paranasal sinuses, nasopharynx,
neck, and orbit were performed by Somaton plus 4 CT
scanner (Siemens Medical System, Erlangan, Germany)
at Srinagarind Hospital, Thailand. One hundred eighty
seven CT scans performed between January 1, 2004
and November 30, 2006 were reviewed. All the patients
were at least 18 years old. Patients who had trauma,
surgery, cancer, severe infections of the posterior
paranasal sinuses, and poor quality CT scans were
excluded. The axial cuts used were parallel to the hard
palate with a slice thickness of 4 mm and a gap of
3.5 mm. Coronal cuts were perpendicular to hard palate
with a slice thickness and gap of 1.25 mm and 2 mm
respectively. The sagittal cuts were parallel to nasal
septum, with a slice thickness of 1.25 mm and a gap of
2 mm. The sagittal oblique view used cuts parallel to
the optic nerve with very thin slices (1.25 mm) and a
gap of 0.5 mm. This view showed the relationship of
the optic nerve to the posterior ethmoid air cell very
clearly (Fig. 2). A pilot study was evaluated in 10 sides
of the CT PNS of fresh cadavers. It showed that the
detection of Onodi cell was in 100% agreement with
the endoscopic examinations of the posterior ethmoid
sinus. Therefore, the sagittal oblique view was used as
the gold standard in the present study. In the inter-
rater reliability of interpretation of Onodi cells between
the radiologist and rhinologist were tested and the
kappa value was 0.74. During the main study, the
radiologist and rhinologist interpreted the CT scans
independently. If there were discordant views
concerning the presence of an Onodi cell, a consensus
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Fig.1  AnOnodi cell in a half-head cadaver

CT scans of sagittal oblique view and nasal
endoscopic views of the same cadaver

A: Left lateral nasal wall shows the optic nerve
running through the posterior ethmoid cell which
extends superiorly to sphenoid sinus

B: Endoscopic view of the Onodi cell

was achieved by discussion between the rhinologist
and the radiologist.

A sample size of 187 patients with CT
paranasal sinuses was estimated to be able to detect
60% prevalence of Onodi cell ® with the precision of
8% and a two-sided test with type 1 error of 5%. The
present study used a sagittal oblique view as the
gold standard to detect Onodi cells, which closely
abuts the optic canal.

After an Onodi cell was detected in a sagittal
oblique view, the relationship of the Onodi cell and the
sphenoid sinus were evaluated by axial, coronal and
sagittal views. Patterns of an Onodi cell were classified
into three types according to its extension laterally
and/or superiorly to the lateral and/or superior walls
of sphenoid sinus. Classifications of the patterns
were three types: superior extension (override), lateral
extension and combined types (Fig. 3-7).

Coronal views sometimes showed a posterior
ethmoid cell that extended superiorly and/or laterally
to the sphenoid sinus but did not closely abut the
optic canal. These cases were counted for having
Onodi cell because the posterior ethmoid cell may
contact the optic canal between the cuts of the CT
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Fig. 3  Axial views at different cut level of the same
patients, higher level in B

The lower slice (A) shows that the most posterior
ethmoid sinus does not contact the optic canal
The higher slice (B) shows the most posterior
ethmoid sinus on both sides extends lateral to
sphenoid sinus and contacts optic canals. Both the
air cells above the sphenoid sinus appear larger
than in the lower slice. Therefore they are the
combined type Onodi cells

Fig. 4  Axial views shows that the right posterior ethmoid
cells extend lateral to the sphenoid sinus but the air
cell above the sphenoid sinus in the higher cut (B)
is not larger. Therefore this Onodi cell is of the

lateral type

Fig. 5  This coronal view shows the optic nerves running
through both the most posterior ethmoid cells.
These air cells extend superior to sphenoid sinus
but do not extend lateral to it. Therefore they are

superior type Onodi cells
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These Coronal views demonstrate two types of
Onodi cell, superior type (A, right) and combined
type (A, left). Bilateral lateral type of Onodi cells
are demonstrated in B

Fig. 7  Sagittal view shows right Onodi cell

Fig. 8  This coronal view shows extension of Onodi cells
superior to the sphenoid sinus without making

contact with the Optic nerve

scan (Fig. 8). Descriptive statistics was used to analyze
the results.

Results

The CT scans were from 103 males (55%) and
84 females (45%). The ages of the patients ranged
between 20 to 82 years (mean 49.6 years). The CT
scans included 118 paranasal sinus (63%), 50
nasopharynx (27%), 14 neck (7%) and five orbit (3%).
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Table 1. Demographic data

Demographic data
Gender
Male 103 (55%)
Female 84 (45%)
Age
Mean 49.6 yrs (range 20-82 yrs)
Diseases
Sinusitis 55 (29%)
Nasal polyp 18 (10%)
Sinonasal tumor:
Benign 5 (3%)
Malignancy 15 (8%)
Nasopharyngeal cancer 46 (25%)
Other 45 (24%)
Missing data 3 (1%)

Table 2. The patterns of Onodi cells

Type Sides (%) 95% CI
Superior (override) 85 (46) 38.9-53.1
Lateral 2(1) 0.3-3.9

Combine 98 (53) 45.8-60.0

The demographic data is shown in Table 1. The
prevalence of the Onodi cell was 49.5% (95% CI:
44-54.5%) as detected by the sagittal oblique view.
The pattern of Onodi cell was classified into three
patterns by axial, coronal and sagittal views. The
results are shown in Table 2.

Discussion

Identification of Onodi cell in CT scans of the
paranasal sinuses is very important to prevent optic
nerve injury. The reported prevalence of Onodi cell
varies according to the method of identification.
Driben et al® and Weinbeger et al® compared the
findings from CT scans with those from endoscopic
examination. They found that fewer Onodi cells were
identified on CT scans than by endoscopic examination.
It is possible that the gap between each CT slice will
result in Onodi cells being missed.

The present study showed the prevalence of
the Onodi cell at 49.5% (95% CI: 44.4-54.5%) which is
similar to the results of the studies by Yeoh et al?,
Thanaviratananich et al® and Bansberg et al®.
Bansberg et al® studied CT scans using three views.
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However, when compared with the studies by CT scans
in Thai patients Tantilipikorn et al'" and Nitinavakarn
et al® found that the prevalence were 8% because
they studied only one view and two views of CT scans
respectively and they used thicker slice CT scans
than in the present study.

This was the first study describing the
variations in the anatomical pattern of Onodi cell. The
authors found that there were three patterns according
to the pneumatization of the most posterior ethmoid air
cell in relation to the walls of sphenoid sinus. They
could be classified into three types. The most common
type was the combined type.

Conclusion

The prevalence of the Onodi cell was 49.5%
and the most common pattern was the combined type.
This information should be useful for endoscopic
sinus surgeons and will make them more aware of the
high prevalence of Onodi cell and the variations in
their anatomy.
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