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Objective To determine the patterns of relationship between optic nerve canal and posterior paranasal sinuses (PNS) in Iraqi patients from 
Middle Euphrates region using computerized tomography (CT).
Methods A cross-sectional observational study was conducted on 100 patients (52 male, 48 female) referred to the CT unit for evaluation 
of PNS. Patients were examined by the same CT device without intravenous contrast medium. Patients with sphenoid/ethmoid tumors, 
trauma or history of surgical intervention and those less than 13 years old were excluded. The relationship between optic canal and 
posterior PNS was evaluated using criteria of Delano’s classification. Pneumatization of the anterior and posterior clinoid processes (PACP 
and PPCP) and any bony dehiscence in the bony wall were observed.
Results The most frequent type of optic canal according to Delano’s classification was type I (77.5). There was no statistically significant age 
or gender difference. There was statistically significant higher frequency of dehiscence in higher Delano’s types III (4 of 7 cases, 57.1%) and 
IV (6 of 8, 75%). PACP and PPCP showed statistically significant association with type IV and to lesser extent in type III. All cases of PPCP were 
seen only in types III and IV with statistically significant difference.
Conclusion The relationship between optic nerve and sphenoid sinuses was slightly different in our patients from other populations. 
Therefore, Iraqi radiologists and Ear–Nose–Throat surgeons need to be aware of this anatomical difference to avoid serious damage to the 
optic nerve. During pre-operative CT assessment, it is important for radiologist to pay attention to the presence of optic canal bony 
dehiscence in higher Delano’s types. Presence of PACP and PPCP may alert to the presence of higher Delano’s types, hence a serious optic 
nerve canal course.
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Introduction
Anatomically, the sphenoid sinuses are located at the skull 
base at the junction of the anterior and middle cerebral fossae. 
The lateral wall of the sphenoid sinus can show various prom-
inences, the most important being the carotid canal and the 
optic canal. The optic canal is found in the posterosuperior 
angle between the lateral, posterior and superior walls of the 
sinus. Pneumatization of the sphenoid above and below the 
optic canal can result, respectively, in a supraoptic recess and 
an infraoptic recess.1,2 In some cases, dehiscence in the bony 
margin can also be present.3

Ethmoid sinus consists of multiple obliquely oriented par-
allel groups of air cells between the lateral nasal wall and the 
medial orbital wall.4,5 The sphenoethmoid cells, or Onodi cells, 
are important group of ethmoid cells, where the posterior 
ethmoid cells extend superiorly or laterally to the sphenoid 
sinus, and the pneumatization can reach the clinoid processes, 
and become closely related to the optic nerve. Therefore, accu-
rate identification of these structures and possibly Onodi cells 
on a preoperative computerized tomography (CT) scan is the 
best way to avoid such severe complications.6

Functional endoscopic sinus surgery (FESS) is a  minimally 
invasive and effective surgical technique7 for treating chronic 
inflammatory sinus disease. Moreover, during last two dec-
ades and with the significant technical improvement in sur-
gical and diagnostic tools, FESS has also become one of the 
treatments of choice in the orbital and skull base problems.8,9 
However, FESS is not totally safe as many complications have 
been reported10 with blindness secondary to the optic nerve 

damage being one of the most catastrophic ones.11 Therefore, 
for the FESS to be successful and to minimize complications, it 
is mandatory to clearly understand and accurately depict the 
sinonasal anatomy. This depiction is routinely done in a plane 
corresponding to the surgical orientation and is elegantly 
accomplished by the CT scan, which has been established as 
the imaging technique of choice for demonstration of the 
sinonasal anatomy before FESS.12

Considering the documented ethnic variations in sinonasal 
anatomy,13 this study was conducted to assess the patterns of the 
relationship between optic nerve canal and posterior paranasal 
sinuses in Iraqi patients so that Iraqi radiologists and Ear–
Nose–Throat (ENT) surgeons will have an idea about regional 
anatomical variations regarding this critical relationship. The 
study assumes to include a sample that represents Iraqi popula-
tion from the Middle Euphrates territory because patients vis-
iting our CT unit are not only from Najaf governorate’s cities, 
but also from nearby governorates. Up to our best knowledge 
and search, there is no published article specifically assessing 
the patterns of the optic nerve canal in relation to posterior 
paranasal sinuses (PNS) in Iraqi population.

Materials and Methods
This hospital-based cross-sectional observational study was 
conducted on 100 patients (52 male, 48 female) in the CT unit 
of Middle Euphrates Neurocenter, Al-Sadder Medical City, 
Najaf, Iraq.
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Inclusion criteria
All patients referred from ENT specialist for evaluation of 
sinonasal diseases and were examined by CT scan using para-
nasal sinuses protocol.

Exclusion criteria
Patients with known or obvious sphenoid/ethmoid tumor, 
trauma or history of surgical intervention were excluded. 
Children less than 13 years old (when the sphenoid sinus is not 
yet well developed) were also excluded.

Data acquisition
Relevant demographic and clinical data were taken. The 
 radiological, coronal, axial and sagittal CT sections of the PNS 
for each patient were evaluated by a board-certified radiologist 
in the following approach:

1.  General evaluation to assess for any exclusion 
criteria.

2.  Specific evaluation of the relationship between 
optic nerve and sphenoid and ethmoid sinuses on 
both right and left sides using criteria of 4-grades 
Delano’s system,14 which classifies the course of  
the optic nerve canal into: type I, adjacent to sphe-
noid sinus; type II, indentation on sphenoid sinus;  
type III, optic nerve traversing sphenoid sinus; and 
type IV, adjacent to sphenoid and posterior ethmoid 
sinuses.

3.  Further evaluation of any other significant variation 
in the sphenoid sinus that can affect the optic nerve 
(like pneumatization of the anterior and posterior 
clinoid processes) as well as any bony dehiscence.

Statistical analysis of the data was done using SPSS, 
version 2.0. Sample size was calculated by the standard 
equation of sample size for cross-sectional study with con-
fidence level of 95%. N = Z × P(1 − P)\D, where: N = sample 
size; Z = 1.96 for confidence 95%; P = prevalence of varia-
tion (for grade 3 which is the rarest type) which equal to 
0.007 (7%); D = 0.005 allowed error (chance error).  
N = (1.96) × 0.07(1 − 0.07)\(0.05) = 99.9. Hundred patients 
were included in this study (corresponding to 200 optic 
nerves). The frequency of each of Delano’s type was calcu-
lated. The correlation of different Delano’s types with the 
pneumatization of anterior and posterior clinoid processes 
and with bony dehiscence was assessed using Pearson  
correlation coefficient. P-value of <0.05 was considered as 
statistically significant.

No patient consent was obtained because of the non- 
interventional nature of the study, with the confidentiality of 
patient’s personal data being preserved.

Results
This study included 100 patients (48 female and 52 male) 
with mean age of 33.94 ± 12.39 years. Collectively, a total  
of 200 optic nerve canals were studied. Generally, all 
Delano’s types were more frequent in young age groups 
(15–35 years). However, this predominance was not statisti-
cally significant (P values were 0.780 for the right side and 
0.694 for the left side).

Types of optic nerve canals according to Delano’s 
classification
The most frequent type of optic nerve canal according to 
Delano’s classification (Figs. 1–4) was type I (77.5%),  followed 
by type II (15%), type IV (4%) and least type III (3.5%) with 
almost approximate right to left prevalence (Table 1).

Fig. 1 Coronal CT image of a 44-year-old male showing type I 
 Delano’s classification of optic nerve relation to the sphenoid sinus.

Fig. 2 Coronal CT image of a 50-year-old male showing type II 
Delano’s classification of optic nerve relation to the sphenoid sinus.

Fig. 3 Coronal CT image of a 45-year-old female showing type III 
Delano’s classification of optic.
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Table 1. Frequency of the optic nerve canal according to 
Delano’s classification

Type Right Left Total P-value

I 79*(79%) 76 (76%) 155 (77.5%)

0.929

II 13 (13%) 17 (17%) 30 (15%)

III 4 (4%) 3 (3%) 7 (3.5%)

IV 4 (4%) 4 (4%) 8 (4%)

Total 100 (100%) 100 (100%) 200 (100%)

*Values between brackets are percentages.

Table 2. Relationship between gender and Delano’s types of 
optic nerve canal

Type Side Male Female P-value

I
Right 41 38

0.559
Left 43 33

II
Right 8 5

0.153
Left 6 11

III
Right 1 3

0.809
Left 1 2

IV
Right 2 2

1
Left 2 2

Table 4. Relation between Delano’s optic nerve canal type and 
pneumatization of the anterior clinoid process

Type
PACP Total P-value

(+) (−)

I 0 155 (100%) 155 (100%) 0.771

II 2 (6.7%) 28 (93.3%) 30 (100%) 0.718

III 2 (28.5%) 5 (71.5%) 7 (100%) 0.04

IV 5 (62.5%) 3 (37.5%) 8 (100%) 0.001

Total 9 (4.5%) 191 (95.5%) 200 (100%)

Fig. 4 Coronal CT image of a 25-year-old male showing type IV 
Delano’s classification of optic nerve relation to the sphenoid sinus.

Relation between Delano’s and gender
There was a male predominance in type I on both sides and 
type II only on right. Female predominance was present in 
type III on both sides and only in left in type II. Type IV was 
equally seen in both genders and on both side. However, no 
type showed statistically significant difference with all P-value 
of <0.005 (Table 2).

Relationship between Delano’s types and optic 
nerve canal dehiscence
There was a statistically significant high frequency of dehis-
cence in higher Delano’s types III (4 of 7 cases, 57.1%) and IV 
(6 of 8, 75%) as demonstrated in Table 3, Fig. 5.

Delano’s types and pneumatization of the 
anterior clinoid process
Among the 200 optic nerve canals studied, 22 were associated 
with pneumatization of the anterior clinoid processes (PACP), 
however, was only statistically significant in type IV (5 out  
of 8, 62%, P-value 0.001) and to lesser extent in type III (2 out 
of 7, 28.5%, P-value 0.04) as shown in Table 4, Fig. 6.

Delano’s types and pneumatization of the 
posterior clinoid process
All four cases of pneumatization of the posterior clinoid pro-
cesses (PPCP) seen in our study were present only in types III 
(2 out of 6, 28.5%) and IV (2 out of 8, 25%) with statistically 
significant difference. No PPCP was seen in either type I or 
type II (Table 5).

Table 3. Relation between Delano’s optic nerve canal types and 
the presence of canal bony dehiscence

Type Total Bony dehiscence of optic 
nerves

P-value

(+) (−)

I 155 (77.5%) 5 (3.2%) 150 (96.8%) 0.371

II 30 (15%) 2 (6.6%) 28 (93.4%) 0.718

III 7 (3.5%) 4 (57.1%) 3 (42.9%) 0.001

IV 8 (4%) 6 (75%) 2 (25%) <0.001

Total 200 (100%) 17 (8.5%) 183 (91.5%)

Fig. 5 Coronal CT image of a 33-year-old male showing bilateral 
bony dehiscence (white arrows).
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Fig. 6 Coronal CT image of a 46-year-old male showing 
 pneumatization of the anterior clinoid processes (white arrow).

Table 5. Relation between Delano’s optic nerve canal type and 
pneumatization of the posterior clinoid process

Type
PPCP

Total P-value
(+) (−)

I 0 155 (100%) 155 (100%) 0.999

II 0 30 (100%) 30 (100%) 0.998

III 2 (28.5%) 5 (71.5%) 7 (100%) 0.046

IV 2 (25%) 6 (75%) 8 (100%) 0.007

Total 4 (2%) 196 (98%) 200 (100%)

Discussion
The analysis of the optic canals in relation to the sphenoid and 
posterior ethmoid sinuses in our sample of 100 Iraqi patients 
(200 canals) of middle Euphrates territory was as follows:

Prevalence of Delano’s types
Overall, type I was the most commonly encountered 
 relationship (77.5%), followed by type II with nearly equal 
prevalence of types III and IV. Up to our best knowledge, we 
found only three published studies conducted in neigh-
boring and Arabic countries.15–17 Compared to Turkish 
study,15 type I was higher (77.5% versus 64%) while types 
II–IV were lower in our study. This difference between our 
patients and those populations is related to the ethnic 
 variation as seen by Badia et al study.13 Although larger 
sample and wide multicentric anatomical surveys within dif-
ferent territories of Iraq may be more accurate, our current 
results alert Iraqi surgeons to be aware of this anatomical 
difference and not to rely on what is published in the 
 anatomical textbooks or foreign literatures, to avoid serious 
damage to the optic nerve.

Delano’s types and age
Although all types were generally more common in younger 
age groups, this was not statistically significant which has 
probably occurred because the majority of the examined 
patients with chronic rhinosinusitis was of young age group.

No statistically significant gender difference regarding 
types of optic nerve canals was seen in our patients and we 
could not compare this with other studies as they did not 
 mention the gender distribution of Delano’s types.

One of the important anatomical features that should be 
evaluated when interpreting a sinus CT scan is the optic canal 
bony dehiscence because this renders optic nerve more 
 vulnerable to injury during surgical intervention. The Turkish 
study by Spaci et al15 found that bony dehiscence was more 
common in types II and III, while in our study, it was more 
common and statistically significant in types III (57.1%) and 
IV (75%). Therefore, bony dehiscence should be carefully 
looked for when optic nerve canal found to be in III or IV 
configuration, because the higher the type of Delano’s, the 
higher the prevalence of bony dehiscence is.

The 4.5% prevalence of PACP (9 out of 200 optic nerve 
canals) was lesser than that in Turkey (22 cases, 11%),15 
 Libyans (46, 15.3%)16 and Sudan (28, 13.9%).17

Furthermore, because PACP was highest in types III and 
IV, radiologists can use them as indirect indicator of a higher 
Delano’s type, hence a higher vulnerability of the optic nerve 
to surgical damage.

Similarly, because all four cases of PPCP were seen in 
types III (28.5%) and IV (25%) and no PPCP was seen in other 
types with statistically significant difference, PPCP (in  addition 
to the PACP) could also be a warning sign for the presence of 
a serious optic nerve canal course. None of the other published 
studies included PPCP in their evaluations.

Limitations
Although the sample size of this study was according to the 
standardized statistical equation, we think that for our results 
to be generalizable, a larger sample from different regions of 
Iraq are required. Apart from few locations, there are no 
much published studies about the Delano’s pattern of the 
optic canal in nearby counties to thoroughly compare our 
results with.

In conclusion, Delano’s type I was the most common optic 
nerve canal course with no statistically significant age or gender 
difference. We think that to minimize complications and avoid 
risk of serious damage to the optic nerve, it is essential for Iraqi 
radiologists and ENT surgeons to have proper knowledge of 
this anatomical relationship and awareness of the current 
results regarding the slight anatomical difference between Iraqi 
and non-Iraqi populations.

Because optic canal bony wall dehiscence was more 
 frequent in Delano’s types III and IV, the study recommends 
that the radiologists should meticulously look for the dehis-
cence when a higher Delano’s type is detected during pre-op-
erative CT scan evaluation of PNS. Furthermore, presence of 
PACP and PPCP may alert for the presence of a serious optic 
nerve canal course.
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