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Abstract

Objectives We investigated the relationship between Onodi cells and optic canal by paranasal sinus computed tomography
(PNSCT).

Methods In this retrospective study, 508 PNSCT (265 males and 243 females) was examined. Onodi cell presence, pneu-
matization types, optic canal types; and also sphenoid sinusitis and anterior clinoid process pneumatization were evaluated.
Results The prevalence of Onodi cells was 21.2% of the patients. Onodi cells were observed 40.7% on the right side and
25.9% on the left side. In 33.4% of the patients, bilateral Onodi cells were present. Male/Female ratio was 24.5%/17.6%.
Onodi cell types were detected as Type I > Type 11> Type III bilaterally. There was a positive correlation between the right
and left Onodi cell types (p <0.05). Optic canal types were detected as Type IV > Type 1> Type 11> Type III. bilaterally.
There was a positive correlation between right and left optic canal types. Onodi cell presence and ACP pneumatization
were found as statistically significant (p <0.05). In 65.5% of the patients, Onodi cells and ACP pneumatization were absent.
ACP pneumatization was present in 35.4% of the cases. In nine cases, bilateral Onodi cells and ACP pneumatization were
detected. Sphenoid sinusitis was detected in 11.4% of Type I and 13.8% of the Type II Onodi cells on the right side. On the
left side, it was detected in 12.9% of the Type I and 19.0% of Type II Onodi cells.

Conclusion Identification of Onodi cell is very important clinically because of its proximity to optic nerve canal. We con-
cluded that type IV Onodi—optic canal relationship was the most common finding in our study. Onodi cell presence and their
patterns of pneumatization must be evaluated on PNSCT preoperatively to avoid optic canal damage.
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Onodi cell (OC) or sphenoethmoidal air cell is a poste-
rior-most ethmoidal air cell that pneumatized either supe-
rolateral, superior or lateral to sphenoid sinus [1]. Embryo-
logically, sphenoid bone ossifies from the lower chondral
ossification center and the upper ossification center merging
Nese Asall@ " with that of ethmoid [2].
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wall of the sphenoid sinus. In addition, it is stated that OC
has poor ventilation and ineffective drainage. It causes stasis
of secretions, infections, optic neuropathies, optic neuritis
or mucoceles [5-7].

In the present study, we investigated the relationship
between Onodi cells and optic canal. Onodi cell pneumatiza-
tion types, optic canal types and also sphenoid sinusitis and
anterior clinoid process pneumatization were evaluated. The
evaluation was performed by multi-slice computed tomogra-
phy (MSCT) of the paranasal sinuses (PNSCT).

Materials and methods

This retrospective study was conducted in Kirikkale Uni-
versity Faculty of Medicine, Departments of Radiology and
Otolaryngology, according to the principles of Declaration
of Helsinki. Ethics Committee approval was taken from
Kirikkale University Non-invasive Research Ethics Com-
mittee (Date: 24.10.2018, Number: 2018.10.15).

Subjects

Paranasal sinus computed tomography (PNSCT) images
(Multi-slice CT-MSCT) were obtained from the digital
archive of the Kirikkale University Faculty of Medicine
Radiology Department between December 2017 and June
2018. PNSCT images of 508 patients (265 males and 243
females) between 18 and 75 years were evaluated. Mean of
the ages were 34.1 + 14.3 years.

The reason for performing the PNSCT was chronic sinus-
itis, nasal obstruction and headache.

Patients under the age of 18 years and older than 75 years,
patients with nasal polyposis, patients who have had surgery
or have a history of trauma from the sinonasal region, and
patients with benign or malignant tumors were excluded
from the study.

CT imaging and analysis

All of the scans were obtained with routine PNS computed
tomography imaging in the supine position, with no contrast
or sedation being used for the procedures. The images were
acquired using a 64-slice CT (MSCT; Brilliance 64, Philips
Medical System, Best, the Netherlands). All of the scans
were obtained using the following parameters: tube volt-
age 120 kV, effective mAs 350, slice thickness 1.00 mm,
field of view (FOV) 180 mm, and image matrix 768 X 768.
The images were transferred to a commercially available
workstation, and the raw data were reconstructed using
bone algorithms. After scanning, the coronal, axial, and
sagittal images were reconstructed with a slice thickness of
1.00 mm. The coronal and axial plan was often preferred.
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All of the cases included in the study were evaluated by the
same radiology expert (AO).
The following measurements were performed:

1. Onodi cells Onodi cell or sphenoethmoidal air cell is a
posterior-most ethmoidal air cell that pneumatized either
superolateral, superior or lateral to sphenoid sinus [1].
The presence of the Onodi cells was evaluated as absent
or present (right, left or bilateral).

2. The pneumatization of the anterior clinoid process
(ACP): ACP pneumatization was evaluated as absent,
or present (right, left or bilateral).

3. The pneumatizations of the Onodi cells were evaluated
according to the study of Thimmaiah et al. [3]: a hori-
zontal line was drawn at the uppermost part of sphenoid
sinus in the coronal reformatted image at a plane where
maximum size of Onodi cell was seen in contact with
bony sphenoid sinus. If the cell was seen above and
medial to sphenoid sinus, then it was labeled as Type
I pattern of pneumatization, Type II if the air cell was
seen both above and below the horizontal line and Type
III if it was seen below the horizontal line, (Figs. 1, 2
and 3).

4. The relationship of the optic canal and Onodi cells: The
optic canal and the Onodi cell often show close proxim-
ity. The relationship between these two structures was
evaluated as stated in the study of Chmielik and Chmie-
lik [8, 9].

Type I “There was no contact between the wall of the
ethmoid cell and optic nerve canal” [8, 9] (Fig. 4).

Type II “The wall of the ethmoid cell was adjacent to
the optic nerve canal wall on the distance maximum 2 mm

Fig. 1 On coronal PNSCT, bilateral Onodi cells (*) (type I) and sphe-
noid sinus (s) are shown. A horizontal line was drawn at the upper-
most part of sphenoid sinus in the coronal reformatted image at a
plane where maximum size of Onodi cell was seen in contact with
bony sphenoid sinus
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Fig.2 On coronal PNSCT, Onodi cell (*) (type 2) and sphenoid sinus
(s) are shown

Fig.3 On coronal PNSCT, Onodi cell (*) (type 3) and sphenoid sinus
(s) are shown

(measuring in axial and sagittal planes) not extending lat-
erally or superolaterally” [8, 9] (Fig. 5).

Type I1I “The wall of the ethmoid cell was adjacent to
the optic nerve canal wall within distance >2 mm in the
axial and/or sagittal plane extending laterally or supero-
laterally without bulging of the optic nerve canal into the
ethmoid bone” [8, 9] (Fig. 6).

Type 1V “The wall of the ethmoid cell was adjacent
to the optic nerve canal-wall for a distance of more than
5 mm (measuring in the axial or sagittal plane) extending
supero-laterally with bulging. The bulging was defined as
the protrusion of the optic nerve into the ethmoid cell visu-
alized in two planes. The very thin slice thickness guar-
anteed not missing any bulging of the optic nerve canal”.
[8, 9] (Fig. 7).

5. Sphenoid sinusitis: In our study, the relationship between
sphenoid sinusitis (sphenoiditis) and Onodi cell was also
evaluated. In our study, sphenoid sinusitis was accepted

as a mucosal thickening greater than 2 mm as described
by Gliklich and Metson [10].

Statistical analysis

SPSS for Windows 16.0 (SPSS, INC, an IBM Company,
Chicago, Illinois). McNemar-Bowker test, Chi-square test
and Spearman’s correlation rho efficient test were used.

p <0.05 was considered as statistically significant.

Results

In our study, we detected Onodi cells in 108 of the patients
(21.2%). Onodi cells were observed on the right side in
44/108 patients (40.7%), on the left side 28/108 patients
(25.9%) and in 36/108 patients, bilateral Onodi cells were
present (33.4%) (Table 1). In the male group, Onodi cells
were detected in 65 (24.5%)patients: 26 (9.8%) right, 19
(7.2.%) left and 20 (7.5%) bilateral. In the females, Onodi
cells were detected in 43 (17.6%) patients: 18 (7.4%) right,
9 (3.7.%) left and 16 (6.6%) bilateral.

The difference between Onodi cell presence and ACP
pneumatization was found as statistically significant
(p=0.000). In 262 patients (65.5%), Onodi cells and ACP
pneumatization were absent. ACP pneumatization was pre-
sent in 177/500 cases (35.4%). In nine cases, bilateral Onodi
cells and ACP pneumatization were detected (Table 1).

The relationship between Onodi cell types and Optic
canal was shown for the right and left sides on Table 2.
On the right side, Onodi cell types were detected as Type I
(43.8%), Type 11 (36.2%) and Type 11T (20.0%). Right optic
canal types were detected as Type IV (35%), Type 1 (25%),
Type 11 (25%) and Type III (15%) (p > 0.05). On the left
side, Onodi cell types were detected as Type I (48.4%),
Type I (32.8%) and Type I1I (18.8%). Left optic canal types
were detected as Type IV (34.4%), Type I (28.1%), Type 11
(23.4%) and Type 111 (14.1%) (p > 0.05) (Table 2).

The relationship between Onodi cell types and sphenoid
sinusitis was shown in Table 3. On the right side, sphenoid
sinusitis was detected in 11.4% of the Type I Onodi cells
and 13.8% of the Type II Onodi cells (p >0.05). On the left
side, sphenoid sinusitis was detected in 12.9% of the Type I
Onodi cells and 19.0% of the Type II Onodi cells (p > 0.05).

Spearman’s correlation rho efficient test results showed
that there was a positive correlation between right and left
sphenoid sinusitis (p =0.000, r=0.520), right and left Onodi
cell types (p=0.000, r=0.466) and right and left optic canal
types (p=0.010, r=0.424). There were no correlations
between age, gender, and Onodi cell types and optic canal
types (p>0.05).
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Fig.4 a On coronal PNSCT,
Onodi cell (*) is shown, b on
sagittal PNSCT, Onodi cell (*),
sphenoid sinus (S) and optic
canal (white arrow) (type 1) are
shown. There was no contact
between the wall of the Onodi
cell and optic nerve canal, ¢ on
axial PNSCT, Onodi cell (*),
sphenoid sinus (s) and optic
canal (white arrow) are shown

Fig.5 a On coronal PNSCT,
Onodi cell (*) is shown, b on
sagittal PNSCT, Onodi cell (*)
and optic canal (white arrow)
(type II) are shown. The wall
of the Onodi cell was adjacent
to the optic nerve canal wall on
the distance maximum 2 mm
(measuring in axial and sagittal
planes) not extending laterally
or superolaterally, ¢ on axial
PNSCT, Onodi cell (*) and
optic canal (white arrow) are
shown
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Fig.6 a On coronal PNSCT,
Onodi cell (*) and optic canal
(white arrow) are shown, b on
sagittal PNSCT, Onodi cell (*)
and optic canal (white arrow)
(type III) are shown. The wall
of the Onodi cell was adjacent
to the optic nerve canal wall
within distance > 2 mm in
the axial and/or sagittal plane
extending laterally or supero-
laterally without bulging of
the optic nerve canal into

the ethmoid bone, ¢ on axial
PNSCT, Onodi cell (*) and
optic canal (white arrow) are
shown

Fig.7 a On coronal PNSCT,
Onodi cell (*), sphenoid sinus
(S), optic canal (white arrow)
and anterior clinoid process
pneumatization (A) are shown,
b on sagittal PNSCT, Onodi cell
(*), optic canal (white arrow)
(type IV) and anterior clinoid
process pneumatization (A) are
shown. The wall of the Onodi
cell was adjacent to the optic
nerve canal wall for a distance
of more than 5 mm (measuring
in the axial or sagittal plane)
extending supero-laterally
with bulging. The bulging was
defined as the protrusion of the
optic nerve into the ethmoid cell
visualized in two planes, ¢ on
axial PNSCT, Onodi cell (*),
optic canal (white arrow) and
anterior clinoid process pneu-
matization (A) are shown
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Table 1 Onodi cells and
anterior clinoid process
pneumatization

Table 2 The relationship
between Onodi cell types and
optic canal

Table 3 The relationship
between Onodi cell types and
sphenoid sinusitis

@ Springer

Onodi cell p*
Absent Present Total
Right Left Bilateral
n % n % n % n % n %
ACP pneumatization
Absent 262 655 25 56.8 14 50.0 22 61.1 323 63.6 p=0.000
Right 37 93 5 114 3 107 1 28 46 9.1 Value: 40.486
Left 42 10.5 13.6 4 14.3 4 11.1 56 11.0
Bilateral 59 14.8 8 18.2 7 25.0 9 25.0 83 16.3
Total 400 100.0 44 100.0 28 100.0 36 100.0 508 100.0
*p value shows the results of McNemar-Bowker Test
Onodi cell p*
Type I Type I Type 111 Total
n % n % n % n %
Right
Optic canal
Type 1 7 20.0 10 345 3 18.8 20 25.0 p=0.336
Type IT 6 17.1 8 27.6 6 37.5 20 250 £ =6838
Type 111 8 22.9 2 6.9 2 12.5 12 15.0
Type IV 14 40.0 9 31.0 5 31.3 28 35.0
Total 35 100.0 29 100.0 16 100.0 80 100.0
Left
Optic canal
Type I 9 29.0 7 333 2 16.7 18 28.1 p=0.729
Type IT 7 22.6 4 19.0 4 333 15 234  1=0120
Type 111 2 6.5 3 14.3 4 333 9 14.1
Type IV 13 41.9 7 333 2 16.7 22 344
Total 31 100.0 21 100.0 12 100.0 64 100.0
*p value shows the results of the Chi-square test
Onodi cell p*
Type I Type II Type III Total
n % n % n % n %
Right
Sphenoid sinusitis
Absent 31 88.6 25 86.2 16 100.0 72 90.0 p=0.145
Present 4 11.4 4 13.8 0 0.0 8 100 1=3.867
Total 35 100.0 29 100.0 16 100.0 80 100.0
Left
Sphenoid sinusitis
Absent 27 87.1 17 81.0 12 100.0 56 87.5 p=0.140
Present 4 12.9 4 19.0 0 0.0 8 125 1=3.935
Total 31 100.0 21 100.0 12 100.0 64 100.0

*p value shows the results of the Chi-square test
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Discussion

During endoscopic procedures, the OC may be confused
with the sphenoid sinus [11]. If present, Onodi cell has
to be detected preoperatively because of its proximity to
optic nerve and internal carotid artery canal so as to avoid
injury during sinus surgeries [3]. The Onodi cell has to
be differentiated from overriding posterior ethmoid cell
because of their anatomical resemblance and both being
closely related to optic nerve canal [12].

To avoid potential complications in endoscopic sinus
surgery it is necessary to evaluate CT scans preoperatively
[13], specially to identify bulging of the optic canal into a
sphenoethmoidal cell [9].

In the literature, studies were mainly based on one CT
plane: axial or coronal. Onodi cell prevalence was found
to be higher when the CT examinations were evaluated
in two planes [14, 15], whereas in our study, the evalua-
tion of the Onodi cells was performed on the three planes:
coronal, axial and sagittal. Therefore, we evaluated OCs
more precisely.

In the present study, the prevalance of Onodi cells was
21.2% of the patients. Onodi cells were observed 40.7%
on the right side and 25.9% on the left side. In 33.4%
of the patients, bilateral Onodi cells were present. In the
male group, Onodi cells were detected in 24.5% of the
patients. In the females, Onodi cells were detected in
17.6% patients. According to Driben et al. the prevalence
of Onodi cell was 39% on endoscopic examination of
cadavers [14]. In the studies of Onodi cell conducted by
CT, the prevalence was reported as 25% [16], 12% [17]
and 8% [18].

Three patterns of pneumatization of Onodi cells are
described in the Thimmaiah and Anupama’s study [3] with
Type II (superolateral) being most common followed by
Type I (superior) and Type III (Lateral). In the present
study, Onodi cell types were detected as Type I (43.8%),
Type 11 (36.2%) and Type I1I (20.0%) on the right side and
Type I (48.4%), Type 11 (32.8%) and Type III (18.8%) on
the left side. There was a positive correlation between the
right and left Onodi cell types.

In the present study, Onodi cell presence and ACP
pneumatization were found as statistically significant. In
65.5% of the patients, Onodi cells and ACP pneumati-
zation were absent. ACP pneumatization was present in
35.4% of the cases. In nine cases, bilateral Onodi cells and
ACP pneumatization were detected.

Nomura et al. [19] reported that OCs move the SS
downwards, reduce volume, and, therefore, are associated
with sphenoiditis. In the present study, sphenoid sinusitis
was detected in 11.4% of the Type I and 13.8% of the
Type II Onodi cells on the right side. On the left side, it

was detected in 12.9% of Type I and 19.0% of the Type 11
Onodi cells. Senturk et al. [11] reported that the coexist-
ence of ipsilateral Onodi cells increased the expression of
sphenoiditis by 1.5-fold. In the present study, we did not
find the relationship between Onodi cells and sphenoid
sinusitis.

If the optic nerve bulging into the Onodi cell is promi-
nent, this increases the risk of damage to the optic nerve
during sphenoid sinus surgery. Furthermore, in most cases,
the sphenoid sinus is located behind the posterior ethmoid
cell, and at this point the bulging of the optic nerve can
be observed only in the superolateral wall. Therefore, the
surgeon who is not prepared to account for the ethmoid cell
that extends over the sphenoid sinus may actually work on
the Onodi cell instead of the sphenoid sinus [8].

Chmielik et al. [8] (in 18-82-year-old) adults; and Chmie-
lik and Chmielik [9] (in 8—18-year-old children) reported
that in their study of 196 cases, in 44.4%, there was no con-
tact between the optic canal and posterior ethmoid cells
(Type D). Type II optic canal was detected in 14.8% and
type IV optic canal was detected in 25% of the cases. In the
present study, type 1 optic canal (no contact between optic
canal and posterior ethmoid cells) was detected as 25% on
the right side and 28.1% on the left side. However, a total
of type II, III and IV optic canals, detected in the patients
with Onodi cells, were found in 75% of the patients on the
right side and 71.9% of the patients on the left side. Right
optic canal types were detected as Type IV > Type I > Type
II> Type III. Left optic canal types were detected as Type
IV > Type I > Type II> Type III. Our study shows that type
4 optic canal was detected mostly on both sides, 35% and
34.4% on the right and left sides, respectively. There was a
positive correlation between right and left optic canal types.

De Lano et al. [20] reported that posterior ethmoid cell
and optic nerve contact were detected in 3% of the patients
with chronic inflammatory sinus disease by coronal CT.
However, in another study of the Yeoh and Tan [21], in 65%
of the cases, posterior ethmoid cells and optic nerve relation-
ship was present. Optic canal into spheno-ethmoidal cell
occurrence was detected in 51% of the cases.

Yeoh and Tan [21] concluded that the most dangerous
type of the optic canals was the canals with no bulging,
because of the extremely thin wall separating ethmoid cell
and the optic canal [21]. On the contrary, Dessi thought that
optic canal bulging more than 50% of the circumference into
the ethmoid cells cause the risk during the surgery [22]. In
the present study, the authors conclude that type 4 bulging
of the optic canal is the most dangerous type for the damage
of the optic canal during the surgery. Especially, inflamma-
tory changes and tumoral pathologies may destroy the walls
of the optic canals.

Identification of Onodi cell is very important clinically
because of its proximity to optic nerve canal [22]. Improving
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the preoperative identification of these Onodi cells and their
pattern of pneumatization by multi dimensional CT (MDCT)
can decrease the risk of subsequent optic nerve injury [3].

We concluded that the type IV Onodi—optic canal rela-
tionship was the most common finding in our study. Onodi
cell presence and their patterns of pneumatization must be
evaluated on PNSCT preoperatively to avoid optic canal
damage.
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