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Abstract

Background: The Delano classification categorizes the re-
lationship between the sphenoid sinus and optic nerve into four
types. This classification helps understand the location of the
optic nerve and posterior paranasal sinuses, especially for endo-
scopic sinus surgical procedures in which the proximity of the
optic nerve to the sphenoid sinus can pose risks.

Aim of Study: This study aimed to determine the relation-
ship between the optic nerve canal (ONC) and posterior parana-
sal sinuses and their types, incidence, and prevalence among a
study population in the eastern district of the Kingdom of Saudi
Arabia (KSA). Key Points paranasal sinuses CT; Delano’s clas-
sification; optic nerve canal; optic nerve dehiscence; pneumati-
zation of anterior clinoid process.

Patients and Methods: This retrospective study included
300 patients who were referred to our CT unit for paranasal
sinus for the planning of functional endoscopic sinus surgery.

Results: This study found that the most common type was
type 1, whereas the second most common was type 2. Types 3
and 4 were least common. Delano type 3 was more common on
the right side, and type 4 was more common on the left, where-
astypes 1 and 2 occurred most frequently bilaterally. Thisil-
lustrates the significance of Delano’s classification according to
side, with a p-value of <0.001. We found a significantly higher
frequency of dehiscence and positive pneumatization of anteri-
or clinoid process (PACP) in Delano type 3 on both sides.

Conclusion: Optic nerve dehiscence and PACP were asso-
ciated more frequently with Delano type 3; therefore, patients
with type 3 are more predisposed to optic nerve injury during
sinus surgery. Hence, we conclude that anatomical variations
of the paranasal sinuses using the Delano classification of the
optic nerve are very important for preoperative identification.
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terior Paranasal Snuses.
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Introduction

CT and MRI can be used to assess the relationship
between the sphenoid sinus and optic nerve [1].
They provide precise data regarding the location
and shape of the optic nerve and sphenoid sinus.

There are different anatomical relationships be-
tween the optic nerve and the sphenoid sinus. Dif-
ferent studies on paranasal sinus CT have used the
Delano classification to categorize the relationship
between the optic nerve and the sphenoid sinuses

[2].

Resear cher s have found that:

90% of the sphenoid sinuses contacted the ipsi-
lateral optic nerve and 10% contacted both nerves.
These studies also observed pneumatization of the
anterior clinoid process (PACP) and bony dehis-
cence of the optic nerve[3,4].

According to the Delano classification, the re-
|ationship between the sphenoid sinus and the op-
tic nerveis categorized into four types: Type 1, the
optic nerve isimmediately adjacent to the lateral or
superior wall of the sphenoid sinus without impres-
sion of the sinuswall; type 2, the optic nerve causes
an impression of the lateral sphenoidal sinuswall;
type 3, the optic nerve courses through the sphenoid
sinus; and type 4, the optic nerve courses immedi-
ately lateral to the posterior ethmoid and sphenoid
SINUSES [5-7].

Abbreviations:

FESS : Functional endoscopic sinus surgery.

KSA : Kingdom of Saudi Arabia.

ONC : Optic nerve canal.

PACP : Pneumatization of anterior clinoid process.
PNS : Paranasal sinus.
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This classification is useful for understanding
the location of the optic nerve and the posterior
paranasal sinuses (PNSs), especially in surgical pro-
cedures in which the proximity of the optic nerve to
the sphenoid sinus can pose risks during endoscopic
sinus surgery [g].

The modified Delano classification is different
only in type 3: The optic nerve courses through
the sphenoid sinus without contacting the posterior
ethmoid cells[5).

Delano’ s classification, together with its modi-
fied version, shows some limitations, including var-
iability in the definition of types, which is based on
visual assessment of CT scans. These assessments
can be subjective and prone to interobserver vari-
ability [9].

Delano’s classification does not cover al possi-
ble variationsin the positions of the optic nervein
relation to the sphenoid sinus and lack of correlation
with clinical outcomes [g).

The position of the optic nerve in the sphenoid
sinus has significant implications in surgical proce-
dures, particularly transnasal endoscopic surgery.
The proximity of the optic nerve to the sphenoid
sinus and the degree of its protrusion into the sinus
can increase the vulnerability of the nerve during
surgery and may lead to serious consequences or
complications. Thisis particularly relevant in trans-
nasal endoscopic surgery, in which the orbit, poste-
rior PNSs, optic canal, and skull base are involved.
Patients with extensive disease, those undergoing
revision surgery, and those with anatomical varia-
tions due to previous disease or surgery are at an
increased risk of complications. The close proxim-
ity of key landmarks, including the optic canal, ca-
rotid protuberance, and skull base, renders surgical
procedures involving the sphenoid sinus potentially
risky. Therefore, understanding the position of the
optic nerve in the sphenoid sinusis essential for sur-
gical planning and endoscopic transnasal surgery to
minimize the risk of complications and ensure pa-
tient safety [10].

Further research is needed to establish amore
direct link between the optic nerve position and
clinical outcomes.

This study aimed to determine the relationship
between the optic nerve canal (ONC) and posteri-
or paranasal sinuses and their types, incidence, and
prevalence among a study population in the eastern
district of the Kingdom of Saudi Arabia (KSA).

Patients and M ethods

This study was conducted retrospectively on 300
patients who were referred to our CT unit for PNS
CT for functional endoscopic sinus surgery (FESS)
planning between March 2021 and June 2023. All

datawere retrieved from the picture archiving and
communication system of the Tele Radiology De-
partments of Mowasat Hospitals in the eastern dis-
trict of KSA. Approva was obtained from the ethics
committee of Mouwasat Hospital, Dammam.

Inclusion criteria: Patientsreferred for pre-
FESS assessment with PNS CT.

Exclusion criteria: Patients with aprevious si-
nus surgical procedure.

Imaging protocol:

All participants underwent CT scans of the PNS
acquired on 64 rows MDCT in helical mode, 0.65
mm slice thickness, 120 kV, and auto mAs. Multi-
planar coronal reconstructions were analyzed using
adedicated workstation.

No contrast media was used.

Image analysis:

Images were evaluated by two radiologists with
7 and 15 years of experience in diagnostic head and
neck imaging.

Satistical analysis:
Data were analyzed using the Statistical Pack-
age for Socia Sciences (SPSS version 27).

Descriptive analyses were performed to obtain
the means and deviations of the quantitative data.
Qualitative datais expressed as numbers and fre-
guencies. Bar graphsillustrate the different types of
ONCs.

Bivariate analyses were performed using the
chi-squared test and goodness-of-fit chi-square tests
for categorical variables. Statistical significance
was set at p<0.05.

Results

We enrolled 300 patients with ages ranging from
7.0-81.0 years (mean age: 35.1 years). When exam-
ining the participants’ characteristics, 102 were fe-
male (34.0%) and 198 were male (66.0%) (Table 1).

Our results described the frequency of the ONC
according to the Delano classification and found
that the most common type was type 1 (Fig. 1), with
60.7% on the right side and 61.35% on the left side.
The second most common was type 2, with 17.7%
on the right side and 18.7% on the left side. Types 3
and 4 were the least common. Bony dehiscence was
seen bilaterally in about 87.0% (Fig. 2).

Delano type 3 was more common on the right
side, and Delano type 4 was more common on the
left side, whereas types 1 and 2 occurred at the same
frequency bilaterally. Thisillustrates the signifi-
cance of Delano’ s classification according to side
(p<0.001) (Table 2).
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Table (1): Descrip ve (Pneumazaon of Anterior Clinoid Pro-

cess (PACP).
N %

Age:

Mean + SD 35.1+12.4

Min-Max (7-81)
Gender:

Femae 102 34.0%

Male 198 66.0%
RT side:

Typel 182 60.7%

Typell 53 17.7%

Typelll 29 9.7%

TypelV 36 12.0%
LT side:

Typel 184 61.3%

Typell 56 18.7%

Typelll 31 10.3%

TypelV 29 9.7%
RT bony dehiscence:

Negative 261 87.0%

Positive 39 13.0%
LT bony dehiscence:

Negative 259 86.3%

Positive 41 13.7%
RT side PACP:

Negative 275 91.7%

Positive 25 8.3%
LT side PACP:

Negative 261 87.0%

Positive 39 13.0%
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Fig. (2): Frequency of the optic nerve canal according to De-
lano’s classification.

Table (2): Frequency of the optic nerve canal according to De-
lano’ s classification according to the side (N=300).

Right side Left side
N (%) N (%)
Typel 184 (61.3) 180 (60.7)
Typell 56 (18.7) 53 (17.7)
Typelll 31(10.3) 29 (9.7)
TypelV 29(9.7) 36 (12)
p-value <0.001* <0.001*

Fig. (1): Corona CT images showing bilateral type 1 op c nerve
canals (red arrows). The canal is seen at the superior
wall of the sphenoid sinuses with no canal indenta on
on the sinus cavity. Right side shows canal floor de-
hiscence (green arrow).

The relationship between sex and Delano’ s type
of ONC showed that there were no differences be-
tween males and femal es regarding the frequency of
the different types (Table 3).

Regarding optic canal dehiscence and Delano
classification, there was a statistically significant
high frequency of dehiscence and positive PACPin
Delano type 3 on both sides (Tables 4,5).

Table (3): Relationship between gender and Delano’ s types of
optic nerve cana (N=300).

Gender
P
Femae Mae value
N (%) N (%)
RT side:
Typel 70 (68.6) 112 (56.6) 0.153
Typell 14 (13.7) 39 (19.7)
Typelll 6 (5.9) 23(11.6)
TypelV 12 (11.8) 24 (12.1)
LT side:
Typel 71 (69.6) 113(57.1) 0.168
Typell 14 (13.7) 42 (21.2)
Typelll 10(9.8) 21 (10.6)
TypelV 7 (6.9) 22 (11.1)

Test of sig: Chi-square test.
Comment : On both sides there were no differences between males and
females regarding the frequency of different types.
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Table (4): Relation between Delano’ s optic nerve canal types and the presence of cana bony
dehiscence at the right side (n=300)

RT side
p-
Typel Typell Typelll TypelV  vaue
N (%) N (%) N (%) N (%)
RT bony dehiscence:
-ve 164 (90.1) 47 (88.7) 15 (51.7) 35(97.2) 0.153
+ve 18 (9.9) 6 (11.3) 14 (48.3) 1(2.8)
RT side PACP:
-ve 180 (98.9) 47 (88.7) 13 (44.8) 35(97.2) 0.168
+ve 21y 6 (11.3) 16 (55.2) 1(2.8)
Test of significant chi-square test. * Sig p-value.

Comment: Regarding the right side, there was a statistically significant high frequency of dehiscence and
positive PACP in Delano’stypeslI|.

Table (5): Relation between Delano’ s optic nerve canal types and the presence of cana bony
dehiscence at the |eft side (n=300).

LT side
p-
Typel Typell Typelll TypelV  vaue
N (%) N (%) N (%) N (%)
LT bony dehiscence:
Negative 168 (91.3) 47 (83.9) 19 (61.3) 25(86.2) 0.153
Positive 16 (8.7) 9(16.2) 12 (38.7) 4(13.8)
LT side PACP:
Negative 182 (98.9) 45 (80.4) 9(29) 25(86.2) 0.168
Positive 2(11) 11 (19.6) 22 (71) 4(13.8)
Test of significant chi-square test. * Sig p-value.

Comment: Regarding the right side, there was a statistically significant high frequency of dehiscence and

positive PACP in Delano’stypeslI|.

Discussion

Understanding the relationship between the op-
tic nerve and sphenoid sinusis an important dilem-
ma before FESS. This can be attributed to the clear
proximity of the optic nerve canal to the sphenoid
sinus and posterior ethmoid air cells. In addition,
bony dehiscence can occur when the sphenoid and
posterior ethmoid sinuses are extensively pneuma-
tized. CT isthe modality of choice to assess the
ONC and PNSs because of its ability to display
bone, air, and soft tissue of different densities at high
resolution. The inconsistent pneumatization pattern
of the sphenoid sinusis attributed to the variable
relationship between the optic nerve and the PNSs
[11]. Delano’ s classification was one of the first inits
field to describe the relationship between ONC and
the sphenoid sinus [8]. Delano et al. [2] found that
85% of optic nerves associated with PACP were of
the type 3 configuration, which is comparable to our
study that showed that PACP was significantly asso-
ciated with type 3, followed in frequency by type 2.

In our study, we found that type 1 was the most
frequent type, followed by type 2, whereas types
3 and 4 changed their frequency according to the
side compared to Itagi et al. [5], who reported near-
ly the same frequency in an Indian population. In
their study, type 1 seen in 60% of the studied group,
followed by type 2 (15%), type 3 (14%), and type
4 (11%). In our study, optic nerve dehiscence was
seen in about 13% bilaterally and was significantly
associated with Delano type 3 (Fig. 3). Itagi et al.
[5] aso found that dehiscence in 17.5% of the study
group, and it was mostly associated with type 3 ca-
nals.

Our study proved that PACP was seen in 8% on
the right side and 13% on the left side and was sig-
nificantly associated with Delano type 3 (Figs. 4-6).
Ravindra and Devika[6] showed comparable results
to our study; PACP cells were observed in 8.9% on
the right side and 5.6% on | eft side of the patients.
Itagi et al. [5] showed that 10.5% PACP were on the
right side, and 6.5% were on the left side.
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Fig. (3): Corona CT images showing type 2 op ¢ nerve cana
at the right (red arrow) with less than half of its canal
circumference protruding into the sinus cavity. On the
le, type 3 op c nerve canal with more than half of its
canal circumference protruding into the sinus cavity
(green arrow). Right canal bony dehiscence (orange
arrow).

Fig. (5): Corona CT images showing type 4 op c nerve cana
with both canals adjacent to sphenoid and posteri-
or ethmoid sinuses with the presence of Onodi cell
(white asterisk).

Fadda et al. [12] described sphenoid sinus pneu-
matization with 1.5% of dehiscence of the ONC.
They found a correlation between the degree of
ONC dehiscence, theinternal carotid artery, and the
severity of sphenoid sinus pneumatization. They
concluded that CT should be considered before en-
doscopic sinus surgery to identify the extent of ONC
dehiscence and sphenoid sinus pneumatization.

Another study by Diaset al. (71 described that
the majority of the patients (78.96%) had Delano
type 1. Type 2 was observed in 16.83% of the pa-
tients, Type 3in 3.47%, and Type 4 in 0.74%. ONC
dehiscence was observed in 21.29% of the studied
population. The pneumatization of the anterior cli-
noidal process was observed in 10.64% of the cases.
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Fig. (4): Coronal CT images showing bilateral type 3 op c nerve
canal with more than half of both canal circumferenc-
es protruding into the sinus cavity (red arrows). Right
canal bony dehiscence (orange arrow). Bilateral aerat-
ed anterior clinoid processes (white asterisks).

Fig. (6): Corona CT images showing right type 3, le type 2
canals. Bilateral bony canal dehiscence (red arrows).
Bilateral pneuma zed anterior clinoid processes, aer-
ated at the right (white asterisk), opacified at the le
(orange asterisks).

They also concluded that ONC dehiscence wasre-
lated to the degree of pneumatization of the anterior
clinoid and Delano types 2, 3, and 4.

On the other hand, Thakur et al. (9] analyzed 400
CT scans and found that the most common config-
uration of the ONC was Delano type 2 (34.75%).

Kanotraet al. 1) described the type 1 position of
optic nerve in 69.3%, type 2 in 20.9%, type 3 in 3%,
and type 4 in 6.8% of sinuses. PACP was observed
in 10.5%, and bony dehiscence of optic nerve was
noted in 6.5% sinuses. Bony dehiscence of optic ca-
nal was associated PACP in 64.1% sinuses.

Heskovaet al. [10] found that the most frequent
position of optic nerve was Delano type 1 (55.9%),
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followed by Delano type 2 (14.7%) and type 3
(23.5%). Delano type 4 represented 5.9%. Optic
nerve protrusion, dehiscence of the bony wall, and
PACP was observed in 35.3%, 11.8%, and 26.5%
patients, respectively.

In our study, 300 patients were evaluated using
Delano’ s classification. Type 1 isthe most common
type. There was a statistically significant differ-
ence in Delano’ s classification frequency between
the right and left sides. Optic nerve dehiscence and
PA CP were associated more frequently with Delano
type 3; therefore, patients with type 3 are more pre-
disposed to optic nerve injury during sinus surgery.
Hence, we concluded that the anatomical variations
of the PNSs are very important to identify preoper-
atively, since the sphenoid sinus and optic nerve are
known for their anatomical variation. Before endo-
scopic sinus surgery, one needs to know this anato-
my using CT of the PNSs and assigning the Delano
classification of the optic nerve.
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