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ABSTRACT

Introduction: Functional Endoscopic Sinus Surgery (FESS) has popularly been used for the effective treatment of 
paranasal sinus disorders and for the removal of tissue obstructing the osteo meatal complex and the facilitation of 
drainage. However, almost 16% to 50% of all the complications of the FESS have orbital involvement. The complications 
are due to the wide variation in the anatomy of the sphenoidal and posterior ethmoidal sinuses. This study aimed to 
find the prevalence of types of relationships that optic nerves have with the sphenoid sinus and also the prevalence 
of anatomical variation in sphenoid sinus. Methods: This is the descriptive cross-sectional study conducted over 210 
participants appearing for CT scan imaging of paranasal sinuses. CT scan of paranasal sinus was performed with 5 
mm thickness and then reconstructed to 1.5 mm thickness and evaluated to find the relationship of optic nerve with 
the paranasal sinuses according to Delano et al. classification. Prevalence of Onodi cells and anterior clinoid process 
pneumatization was also evaluated for variation in sphenoid sinus. Results: This study found that bilateral optic nerve 
of Type-I was found in 82.38% people followed by Type-IV in 14.29%. While, Type-III was completely absent in the study 
population. Prevalence of Onodi cells was 10.95% and that of ACP pneumatization was 6.67%. Conclusions: Variation in 
relationship of Optic Nerve with paranasal sinuses found with Type-I being the most common.
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INTRODUCTION

After the introduction of trans nasal endoscopic sinus surgery 
in 1980s, the Functional Endoscopic Sinus Surgery (FESS) and 
instrumentation procedures have rapidly increased for the 
removal of tissue obstructing the osteomeatal complex (OMC) and 
the facilitation of drainage.1 Over the last two decades, FESS has 
popularly been used for the effective treatment of paranasal sinus 
(PNS) disorders. Although the FESS is comparatively safe, it is not 
free from risk. Risk may include bleeding, infection, injury to the 
eye, optic nerve injury and may lead to blindness. This is because 
almost 16% to 50% of all the complications of the FESS have orbital 
involvement.2 The complications are due to the wide variation in 
the anatomy of the sphenoidal and posterior ethmoidal sinuses.3-5 
Maxillary sinus expands to the infraorbital canal laterally until the 
age of four years and optic nerve may lie laterally intimate with 
posterior ethmoidal cells also called cells of Onodi and sphenoid 
sinus with greater risk of injury of the nerve.6 This intimate close 
relationship of orbits to posterior paranasal sinuses imposes risks 
to the nearby optic nerve as a complication of FESS.7 Therefore, 
surgeons need to consider and identify the close anatomical relation 
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between posterior paranasal sinus and orbits and orbital 
nerve prior to the surgery.

Based on the position of optic nerve or its relationship 
with the sphenoid sinus and posterior ethmoid sinuses, 
Delano et al. classified the optic nerve in four classes viz; 
type-1, type-2, type-3, and type-4.8 The relationships can 
be understood well in preoperative computed tomography 
(CT) of the sinuses because CT scan has been accepted as 
the gold standard test for the detection of diseases related 
to paranasal sinuses.9-11 Preoperative CT scan of paranasal 
sinuses when evaluated in bone window in coronal 
plane, the variation in anatomy of sphenoid sinus or the 
relationships of the optic nerve to the paranasal sinuses can 
be understood well and leveraged while performing FESS. 

However, there is a clear gap of the knowledge regarding 
the prevalence of the type of variation in anatomy of the 
sphenoid sinus and relationships of optic nerve to the 
sphenoid sinus in Nepalese population. This observational 
study aims to fill the gap and find the prevalence of types 
of relationships that optic nerves have with the sphenoid 
sinus and also the prevalence of anatomical variation in the 
sphenoid sinus amongst the patients visiting the tertiary 
care center of Gandaki Province of Nepal.

METHODS

This descriptive observational study with a sample size of 
210 participants was conducted at Pokhara Academy of 
Health Sciences (PoAHS), Kaski between March 2024 and 
August 2024. Sample size of 186 was needed based on 
previous literature about anatomical variation of sphenoid 
sinus with the prevalence of Onodi cells in 14% of patients 
and an error of 5%.12 All the patients between the ages 
of five years and above coming for CT scan of PNS in the 
radiology department of PoAHS were included in the study, 
provided they did not meet the exclusion criteria of the 
study. Exclusion criteria included prior sinus surgery, head 
and neck surgeries, Sino-nasal tumors, nasal polyps, and 
cervical arthroplasty. The study was started after the ethical 
clearance (Ref. No: 216/080) from the Institutional Review 
Committee of Pokhara Academy of Health Sciences, Kaski. A 
written consent was achieved from the participants about 
the use of image for research and study purposes keeping 
the identity of the patient confidential.

CT protocol: Demographic data of the patients coming for 
CT scan of PNS was collected. The scan was done in supine 
position with head stabilization from hard palate to above 
the end of frontal sinuses. Scan was done by Philips Incisive 
128 CT scanner with parameters of 120 KVp, 100-150 mAs 
and slice thickness of 5 mm with 1.5 mm reconstruction. 

Reconstructed images in axial, sagittal and coronal sections 
were studied by Radiologist in CT console with DICOM 
viewer soft-ware (INTELLI SPACE). Images were studied in 
Bone window (WW: 2500, L: 400).

Variation in anatomy of sphenoid sinuses was noted in 
terms of presence or absence of Onodi cells, and also the 
presence or absence of Anterior Clinoid Process (ACP) 
pneumatization. Similarly, the types of optic nerve or the 
relationships of optic nerve with the sinuses were also 
noted following the criteria of Delano et al. Those types are; 
Type-1 means optic nerve adjacent to the sphenoidal sinus. 
Type-2 represents indentation of sphenoidal sinus, type-3 
means optic nerve traversing sphenoidal sinus, and type-
4 means adjacent to sphenoidal and posterior ethmoidal 
air cells.8 The study was susceptible to measurement 
bias because diagnosis may vary from one radiologist to 
another. To address this measurement bias, three registered 
Radiologists were blinded to one another and were asked 
to evaluate the image in coronal plane in bone window and 
the most common diagnosis was accepted. For the analysis 
of the data, statistical software STATA 15.1 was used.

RESULTS

Age-specific and sex-specific distribution of the 210 
participants in the sample delineates that 210 participants 
included 59% males and almost 41% females. The greatest 
percentage of patients were between the age of 21 years 
and 40 years representing 31.43%. (Table 1)

Table 1: Age and sex distribution of the participants 
(N=210)

Characteristics Category Frequency Percentage

Age (years)

1 to 20 years 31 14.76%

21 to 40 years 66 31.43%

41 to 60 years 64 30.48%

61 to 80 years 36 17.14%

more than 80 years 13 6.19%

Sex
Male 124 59.05%

Female 86 40.95%

After the evaluation of CT scan image, Onodi cells were 
present bilaterally in almost 10.95% of the patients, while 
18.57% people had Onodi cells present in either right or 
left side. The study also has shown that 13.33% people had 
ACP pneumatization on right side while only 8% people 
had the pneumatization on left side (Table 2).

Table 2: Distribution of Anatomical variation in sphenoid 
sinus (N=210)
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Variations in sphenoid sinus
n(%)

Right Left Bilateral

n(%) n(%)

Onodi cells
Absent 171(81.43%) 171(81.43%) 187(89.05%)

Present 39(18.57%) 39(18.57%) 23(10.95%)

The Anterior clinoid 
process (ACP) 
pneumatization 

Absent 182(86.67%) 193(91.90%) 196(93.33%)

Present 28(13.33%) 17(8.10%) 14(6.67%)

CT image has shown that optic nerve of type-1 was in 
highest prevalence of 47.62% and 85.24% on right side and 
left side respectively. Second common type of optic nerve 
relationship was of type-4.  The results has shown that 
optic nerve of type-3 was not seen as shown in Table 3. 

Table 3: Optic nerve types based on relationship with 
sphenoid sinus (N=210)

Optic nerve 
type

Right optic nerve Left optic nerve B/L Optic Nerve
Frequency Percent Frequency Percent Frequency Percent

Type-1 100 47.62% 179 85.24% 173 82.38%
Type-2 5 2.38% 8 3.81 7 3.33%
Type-3 0 0 0 0 0 0
Type-4 105 50% 23 10.95% 30 14.29%
Total 210 100% 210 100% 210 100%

Variation in anatomy of sphenoid sinus across sex as 
tabulated 4 has shown that prevalence of presence of 
onodi cells and ACP pneumatization was almost twice in 
percentage in males as compared to females as per Table 4.

Table 4: Variation in sinuses across sex (N=210)

Variation in sinuses
Sex

Male Female

Right onodi cells
Absent 96(77.42%) 75(87.21%)
Present 28(22.58%) 11(12.79%)

Left onodi cells
Absent 100(80.65%) 71(82.56%)
Present 24(19.35%) 15(17.44%)

Right ACP pneumatization
Absent 103(83.06%) 79(91.86%)
Present 21(16.94%) 7(8.14%)

Left ACP pneumatization
Absent 112(90.32%) 81(94.19%)
Present 12(9.68%) 5(5.81%)

DISCUSSION

This study found that almost 11% people had onodi cells on 
bilateral side while only about 7% had ACP pneumatization 
on both the sides. The presence of onodi cells was 
almost similar in percentage (14%) when compared to 
the previous literature of Kaya et al. However, another 
literature reported that there was presence of Onodi cells 
in 22.6% of the patients. About the ACP pneumatization, 
this study found the prevalence of 7% only, while Kaya et 
al. and another researchers Ravindra et al. and Devika et al. 
found the ACP pneumatization prevalence to be 21% and 
25% respectively.12,13 The possible reason of this variation 
may be due to the sample size of this study. Sample size of 
this study was almost twice as compared to other studies 

and so overestimation might have been the case in previous 
literature while less chances of error in this one. However, 
this study also admits the fact that further research is 
needed with a bigger sample size and lesser error.

Previous literature has mixed types of result interpretation 
about the prevalence of the type of optic nerve. When this 
study examined the optic nerve and categorized it as per 
the Delano et al. classification. This study found that the 
most common type was type-1 optic nerve followed by 
type-4 optic nerve with the prevalence being 82% followed 
by 14%. The pattern was similar to the findings of other 
literature which reported similar patterns.14 In contrast, 
some research reported different patterns of prevalence 
of types and reported that type-1 is the most common 
followed by type-2 then type-3, and finally type-4.15 
Surprising finding of this study is that not even a single case 
with type-3 optic nerve was seen in this study. 

This variation in the result amongst studies conducted 
before calls for a large observational study with little or no 
bias. Furthermore, study should be done across ethnicity 
as well. 

The limitation of the study was that the sample was 
collected at a single center and ethnicity was not taken 
into account because of which the sample may not be 
population representative of Pokhara. Furthermore, this 
was simply a descriptive study. There still remains a gap 
and further study is needed with a large sample size to find 
the association using regression analysis. 

CONCLUSIONS

As per the diagnosis from CT scan about the relationship 
of optic nerve with paranasal sinuses, the most common 
was Type-I followed by Type-IV and Type-II respectively. 
Results of this study would help surgeons in decision 
making and would guide while performing FESS. This study 
provides the foundation for further research to understand 
the factors associated with the variation in optic nerve. 

ACKNOWLEDGEMENT: None

CONFLICTS OF INTEREST: None declared

SOURCE OF FUNDING: None

AUTHORS’ CONTRIBUTION

RP contributed to the definition of intellectual content, 
data acquisition, manuscript editing, and manuscript 
review. MM contributed to the design, literature search, 
data analysis, statistical analysis, manuscript preparation 



JGMC-N | Volume 17| Issue 02 |  July-December 2024 page 139

Original Research ArticleOriginal Research Article Optic nerve relation to paranasal sinuses

editing, and review. AB contributed to concepts, design, 
the definition of intellectual content, literature search, 
data acquisition, and manuscript editing. LPL contributed 
in the literature search, data analysis, statistical analysis, 
manuscript editing, and review. DB contributed in literature 
search, data acquisition, manuscript preparation, editing, 
and review. MT contributed to manuscript preparation, 
editing, and review. RMB also contributed in manuscript 
preparation, editing, and review. TRB contributed in the 
design, literature search, data acquisition, and manuscript 
review.

REFERENCES

1. Setliff RC, Parsons DS. The “hummer”: new 
instrumentation       for    functional   endoscopic sinus    surgery. 
American Journal of Rhinology. instrumentation for 
functional endoscopic sinus surgery 1994;8(6):275-80. 
DOI: 10.2500/105065894781874232

2.  Al-Mujaini A, Wali U, Alkhabori M. Functional endoscopic 
sinus surgery: indications and complications in the 
ophthalmic field. Oman medical journal. 2009;24(2):70. 
DOI: 10.5001/omj.2009.18 PMID: 22334848.

3.  Onodi AI. The Optic Nerve and the Accessory 
Cavities of the Nose: Contribution to the Onodi AI. 
The Optic Nerve and the Accessory Cavities of the 
Study of Canalicular Neuritis and Atrophy of the 
Optic Nerves of Nasal Origin. Annals of Otology, 
Rhinology & Laryngology. 1908;17(1):1-15. DOI: 
10.1177/000348940801700101 

4.  Peele JC. Unusual anatomical variations of the sphenoid 
sinuses. The Laryngoscope. 1957;67(3):208-37. 
DOI: 10.1288/00005537-195703000-00004 PMID: 
13417674.

5.  Fujii K, Chambers SM. Rhoton ALJr. Neurovascular 
relationships of the sphenoid sinus. A microsurgical 
study. J Neurosurg. 1979;50(1):31-9. DOI: 10.3171/
jns.1979.50.1.0031 PMID: 758376.

6. Stankiewicz JA. Blindness and intranasal 
endoscopic ethmoidectomy: prevention 
and management. Otolaryngology-Head 
and Neck Surgery. 1989;101(3):320-9. DOI: 
10.1177/019459988910100305 PMID: 2508002.

7.  Kim JY, Kim HJ, Kim CH, Lee JG, Yoon JH. Optic nerve injury 

secondary to endoscopic sinus surgery: an analysis of 
three cases. Yonsei Medical Journal. 2005;46(2):300-4. 
DOI: 10.3349/ymj.2005.46.2.300 PMID: 15861507.

8.  DeLano MC, Fun FY, Zinreich SJ. Relationship of the 
optic nerve to the posterior paranasal sinuses: A CT 
anatomic study. American Journal of Neuroradiology. 
1996;17:669-75.

9. Miranda CM, Maranhão CP, Arraes FM, Padilha IG, Farias 
LD, Jatobá MS, et al. Anatomical variations of paranasal 
sinuses at multislice computed tomography: what to 
look for. Radiologia Brasileira. 2011;44:256-62. DOI: 
10.1590/S0100-39842011000400012 

10. Tiwari R, Goyal R. Study of anatomical variations on CT 
in chronic sinusitis. Indian Journal of Otolaryngology 
and Head & Neck Surgery. 2015;67:18-20. DOI: 
10.1007/s12070-014-0734-2 PMID: 25621226.

11. Adeel M, Rajput MS, Akhter S, Ikram M, Arain A, 
Khattak YJ. Anatomical variations of nose and para-
nasal sinuses; CT scan review. Journal of the Pakistan 
Medical Association. 2013;63(3):317. 

12. Kaya MU, Çankal F, Gumusok M, Apaydin Nİ, Tekdemir I. 
Role of anatomic variations of paranasal sinuses on the 
prevalence of sinusitis: Computed tomography findings 
of 350 patients. Nigerian Journal of Clinical Practice. 
2017;20(11):1481-8. DOI:10.4103/njcp.njcp_199_16 
PMID: 29303136.

13. Ravindra BN, Devika C. Evaluation of optic nerve 
variations in relation to posterior paranasal sinuses 
among study population of Mandya district of 
Karnataka state. Int J Radiol Diagn Imaging. 2020;3:16-
20. DOI: 10.33545/26644436.2020.v3.i3a.110

14. Al-Tameemi HN, Hassan HA. Anatomical relationship of 
optic nerve canal to the posterior paranasal sinuses on 
computerized tomography in Iraqi patients. J Contemp 
Med Sci. 2018;16:153-7.

15. Itagi RM, Adiga CP, Kalenahalli K, Goolahally L, 
Gyanchandani M. Optic nerve canal relation to 
posterior paranasal sinuses in indian ethnics: 
review and objective classification. Journal of clinical 
and diagnostic research: JCDR. 2017;11(4):TC01.  
DOI:10.7860/JCDR/2017/23447.9510 PMID: 
28571226.

DOI:%2010.2500/105065894781874232
%20DOI:10.5001/omj.2009.18
%20DOI:10.5001/omj.2009.18
%20DOI:10.1177/000348940801700101
%20DOI:10.1177/000348940801700101
DOI:10.1288/00005537-195703000-00004
%20DOI:10.3171/jns.1979.50.1.0031
%20DOI:10.3171/jns.1979.50.1.0031
%20DOI:10.1177/019459988910100305
%20DOI:10.1177/019459988910100305
%20DOI:10.3349/ymj.2005.46.2.300
%20DOI:10.3349/ymj.2005.46.2.300
%20DOI:10.1590/S0100-39842011000400012
%20DOI:10.1590/S0100-39842011000400012
%20DOI:10.1007/s12070-014-0734-2
%20DOI:10.1007/s12070-014-0734-2
%20DOI:10.4103/njcp.njcp_199_16
%20DOI:10.33545/26644436.2020.v3.i3a.110
%20DOI:10.7860/JCDR/2017/23447.9510
%20DOI:10.7860/JCDR/2017/23447.9510

	_Hlk115252908
	_Hlk115252955
	_Hlk115252924
	_Hlk104450752
	_heading=h.3znysh7
	_heading=h.z3gkqy7c57d3
	_heading=h.cbihkvzufqo
	_heading=h.3dy6vkm
	_heading=h.1t3h5sf
	_heading=h.g23owa6i8z5g
	_heading=h.b0v7o2iqd4bj
	_Hlk153962501
	_heading=h.4d34og8
	_GoBack
	_Hlk167218294
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk159955888
	_Hlk168560624
	_Hlk168566635
	_Hlk168823713
	_Hlk168578207
	_Hlk168567235
	_Hlk168823889
	_Hlk168567660
	_Hlk168824010
	_Hlk168567812
	_Hlk168824141
	_Hlk168566570
	_Hlk168566825
	_Hlk168566775
	_Hlk168566748
	_Hlk168565192
	_Hlk168567444
	_Hlk168567496
	_Hlk168567589
	_Hlk168567699
	_Hlk168567724
	_Hlk168567787
	_Hlk168567852
	_Hlk168567882
	_Hlk168567917
	_Hlk168568707
	_Hlk168590515
	_Hlk168568858
	_Hlk168572237
	_Hlk168569028
	_Hlk168824690
	_Hlk168572621
	_Hlk168572909
	_Hlk168573043
	_Hlk168565672
	_Hlk168517832
	_Hlk168568757
	_Hlk168568785
	_Hlk168568899
	_Hlk168568916
	_Hlk168568936
	_Hlk168569092
	_Hlk168569136
	_Hlk168573169
	_Hlk168572273
	_Hlk168572300
	_Hlk168572953
	_Hlk168573016
	_Hlk168573258
	_Hlk168573299
	_Hlk168663926
	_GoBack
	_GoBack
	_Hlk160533577
	_Hlk157160431
	_Hlk157160490
	_Hlk157160513
	_Hlk157160550
	_Hlk158125190
	_Hlk157162635
	B13
	_GoBack
	_GoBack
	_Hlk159420940
	_Hlk159421086
	_Hlk159421296
	_Hlk159421412
	_Hlk159421774
	_Hlk159421856
	_Hlk159422281
	_Hlk159422138
	_Hlk159422353
	_Hlk159422443
	_Hlk159422527
	_Hlk166319363
	_Hlk154760938
	_GoBack
	_GoBack
	_Hlk169025261
	_Hlk173760593
	_Hlk140431625
	_Hlk140171916
	_Hlk140172016
	_Hlk169032516
	_GoBack
	_Hlk168731406
	_30j0zll
	_1fob9te
	_3znysh7
	_2et92p0
	_tyjcwt
	_3dy6vkm
	_1t3h5sf
	_26in1rg
	_lnxbz9
	_ENREF_1
	_ENREF_2
	_ENREF_4
	_ENREF_6
	_ENREF_9
	_ENREF_10
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_17
	_ENREF_46
	_ENREF_15
	_ENREF_16
	_ENREF_18
	_GoBack
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_heading=h.gjdgxs
	_GoBack
	_Hlk170221199
	_Hlk170309440
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk173356910
	_Hlk68180016
	_GoBack
	_Hlk129377782
	_GoBack
	_Hlk176870002
	_GoBack



