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Abstract:  
Objective: To evaluate the variations in the course of optic nerve in connection with sphenoid sinus by the use of CT scan 

examination. 

Methodology:This is a cross sectional study was carried out on 270 subjects through computed tomographic (CT) paranasal 

sinus scans at Services Hospital, Lahore (March – July, 2017). Sampling technique used in the study was non-probability 

consecutive sampling. SPSS was used for entry of collected data. Inclusion criteria encompass the adults with CT brain and 

head. They did not exhibit any ethmoid sinuses and bony anomaly of sphenoid or adjoining structure. Exclusion criteria were 

those subjects who were having sinonasal tumors, facial fracture, congenital craniofacial anomaly, chronic rhinosinusitis, nasal 

polyposis and prior sinus surgery. Optic nerve analysis was conducted in accordance with DeLano's classification.  

Results: The most common type found was Type 1 optic nerve with the percentage of 55.93. It was followed by type 2 with the 

percentage of 26.85. Type 3 and type 4 were found with the percentages of 11.1 and 6.11 respectively. Upon comparison of right 

and left sides, type 1 optic nerve frequency was greater on both sides having the values as 56.30 percent and 55.5 percent 

respectively. Type 2 displayed 26.67 percent and 27 percent frequencies to the right and left sides respectively. Type 3 was 11.4 

percent on right side and 10.7 percent on the left side. Type 4 was revealed to be the least common with the percentages of 5.56 

and 6.67 on right and left sides respectively. 

Conclusion: During the course of ESS, optic nerve type II and type III indicated combined frequency of 37.96 percent with the 

greater risks associated with ON injury. CT tests are effective means to ensure the identification of bony variations of paranasal 

sinuses. They ensure the efficacy and safety of paranasal sinus surgery during pre-operative strategies. 
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INTRODUCTION: 

More and more physicians are concerned about the 

paranasal sinus (PNS) pathophysiology and anatomy 

with the advancement of endoscopic sinus surgery 

(ESS). The restoration of mucociliary clearance and 

sinuses aeration are the decisive objective of these 

surgeons [1]. To treat sinus linked diseases 

endoscopic sinus surgery is getting vast prominence 

[2]. There is possibility of treating and visualising of 

every sinus drainage passage nowadays. High 

resolution CT has facilitated tremendous mapping of 

sinuses. The degree of mucosal disease can also be 

determined by this medical facility [3]. In order to 

ensure patient care, the radiologists are required to 

comprehend the normal anatomy and changes 

connected with sinus structure and sinus disease 

related complications and pathologic appearances. 

 

High structural complexity is exhibited by sphenoid 

bone which is an unpaired bone of the neurocranium. 

It shape is like an extended wings butterfly. It 

consists of wings, body and pterygoid plates. The 

growth of sphenoid sinus occurs in sphenoid bone 

[4].  The sphenoid body constructs the floor of the 

middle cranial fossa by flanking the enlarged wings 

on every side. Sphenoid body ossification centres are 

in close contact with neurovascular structures e.g. the 

optic nerve, the vidian nerve, the maxillary nerve and 

the internal carotid artery. They elucidate the close 

relationship with the sphenoid sinus. Sphenoid sinus 

has dissimilar developmental pattern as compared to 

other paranasal sinuses. The presence of recess 

between sphenoid concha and presphenoid body 

marks the beginning of it. The fusion of sphenoid 

concha with the presphenoid paves the way to the 

formation the cavity for sphenoid sinus during the 

2nd and 3rd year of its life. In consequence, the 

sphenoethmoidal recess is formed due to the 

presphenoid recess. After this stage, occurrence of 

pneumatisation takes place in basisphenoid and pre-

sphenoid of the sphenoid bone [5].  

 

Despite the formation of definitive cavity at puberty, 

the exact sinus cavity does appear at the age of eight 

to ten years [6]. The identification of the origin of the 

sphenoid sinus can be made by its ostium location on 

the posterior nasal wall. An otolaryngologist, who 

conducts sinus surgery, should have an adequate 

knowledge about the anatomic relationships of the 

sphenoid sinus and its adjoining structures. 

Insufficient knowledge can cause acute 

complications owing to proximity of vital structures 

with sphenoid sinus i.e. internal carotid artery, orbit, 

cavernous sinus and brain. The optic nerve confronts 

a potential threat in this regard. There are reports of 

postoperative blindness [7-9]. The sphenoidal sinus 

is octagonal in structure. Two sides of it are faced by 

nasal cavity. However, remaining sides face towards 

endocranium. They are least in access of surgeons 

since they are located at posterior positions. They are 

in a pair of huge irregular cavities contained in 

sphenoid bone body. They are placed posterior to the 

upper part of the nasal cavity. Pneumatisation varies 

from nominal to extensive [10]. One sinus overlaps 

the other in rare cases. From their lateral walls, bony 

ridges may project into the sinuses [4-11]. In 

addition, optic nerve projection can also be seen in 

approximately fifteen percent subjects. Sphenoidal 

sinus' superior wall is along the side of ethmoidal 

sinus' roof. It makes a direct link with hypophysis 

cerebri, the optic chiasma and olfactory nerves [12]. 

The optical canal may be encircled partially by one 

or both sinuses [1, 4]. Optical nerve is very less 

grown at the optical canal. Resultantly, it is 

extremely prone to injury via sinus direct 

inflammatory invasion [14]. 

 

Number of sinus surgeries has been on the rise after 

advanced technologies and equipment for the 

purpose of endoscopic sinus surgery came to the 

surface. It has come with the increasing lawsuits 

practices [15]. The most frequent complications 

regarding ESS lawsuits are orbital injury and optic 

nerve responsible for blindness [16, 17]. 

There is a close association amongst optic nerve, 

sphenoid sinuses and posterior ethmoid sinuses. If 

damaged during surgery, the optic nerve mishandling 

can have disastrous consequences leading to 

blindness in the long run. [18, 20]. 

 

METHODS: 

This is a cross sectional study was carried out on 270 

subjects through computed tomographic (CT) 

paranasal sinus scans at Services Hospital, Lahore 

(March – July, 2017). Both females and males gender 

who were aged between 21 to 60 years were the 

participants of this study. Exclusion criteria were 

those subjects who were having Sino nasal tumours, 

facial fracture, congenital craniofacial anomaly, 

chronic rhinosinusitis, nasal polyposis and prior sinus 

surgery. Inclusion criteria encompass the adults with 

CT brain and head. They did not exhibit any ethmoid 

sinuses and bony anomaly of sphenoid or adjoining 

structure. Sampling technique used in the study was 

non-probability consecutive sampling. OpenEpi 

calculator was used to calculate the sample size of 

270 subjects keeping in view the variation prevalence 

of paranasal sinuses at fifty two percent [21]. On a 

sixteen slice Toshiba Alexion, CT scan of two 

hundred and seventy subjects was carried out. By 

rotating scanner's X- ray beam around the head, a 

series of images from the different angles were 
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obtained. Sequential axial images were received. In 

order to form volume data, they were further 

processed. Multiplanar reconstructions were obtained 

in sagittal, axial and coronal planes with the help of 

volume data. The construction of 3D volume 

rendered images in bone algorithm was obtained too.  

Evaluation of every image in axial and coronal 

planes was conducted. The analysis of CT films 

coronal views was employed in bony windows. The 

data sheet was used to report the results afterwards. 

As per Table 1, the assessment of optic nerve was 

done in accordance with DeLano's classification. As 

displayed in Table 1, DeLano, et al classified four 

kinds of association between posterior paranasal 

sinuses and optic nerve in the year 1996 [8, 22 – 26]. 

 

RESULTS: 

According to DeLano's classification, the assessment 

of optic nerve position in connection with sphenoid 

sinus was carried out. After the CT scan analysis of 

two hundred and seventy subjects, it was observed 

that the most common type found was Type 1 optic 

nerve with the percentage of 55.93. It was followed 

by type 2 with the percentage of 26.85. Type 3 and 

type 4 were 11.1 percent and 6.11 percent 

respectively being the less frequent as per Table – I. 
 

Table – I: DeLano’s classification of optical nerve (Total) 

Type Percentage 

Type - I 55.93 

Type - II 26.85 

Type - III 11.1 

Type - IV 6.11 

 
Upon comparison of right and left sides, type 1 optic nerve frequency was greater on both sides having the values as 

56.30 percent and 55.5 percent respectively. Type 2 displayed 26.67 percent and 27 percent frequencies to the right 

and left sides respectively. Type 3 was 11.4 percent on right side and 10.7 percent on the left side. Type 4 was 

revealed to be the least common with the percentages of 5.56 and 6.67 on right and left sides respectively as per 

Table – II, III and IV. 
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Table – II: DeLano’s classification on right side 

Type Number Percentage 

Type - I 152 56.3 

Type - II 72 26.67 

Type - III 31 11.48 

Type - IV 15 5.56 

 
Table – III: DeLano’s classification on left side 

 

Type Number Percentage 

Type - I 150 55.56 

Type - II 73 27.04 

Type - III 29 10.74 

Type - IV 18 6.67 
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Table – IV: Types of optic nerve (ON) according to DeLano's classification 

1 Nerve courses directly adjacent to sphenoid sinus 

2 Nerve causes indentation on sphenoid sinus wall 

3 Nerve traverses through the sphenoid sinus 

4 Nerve lies adjacent to sphenoid sinus and posterior ethmoidal air cells 

 

DISCUSSION: 

To make endoscopic sinus surgeries successful and 

to prevent potential intra-operative surgical 

complications, profound knowledge about the 

anatomical correlations of sphenoid sinus is vital. To 

ensure maximum benefit of treatment, the 

communication between radiologist and surgeon is 

paramount about CT PNS scans interpretation. Since 

there was dearth of studies conducted on the topic 

internationally owing to smaller sample sizes, we are 

quite sure that this is the first ever study conducted in 

Pakistan of its own nature. Cranial nerve II 

superolateral location in connection with sphenoid 

sinus makes it susceptible to iatrogenic injury in the 

course of trans sphenoidal pituitary and endoscopic 

sinus surgery. The most devastating complication of 

ESS is thought to be the blindness because of direct 

cranial nerve II injury. The most common type of 

optic nerve was found to be Type 1 ON which is 

consistent with the findings of earlier researches [11, 

23-28]. In the year 2014 a study conducted on sixty-

four adults by Bra et al, had different results in which 

type 1 ON was found to be second commonest type 

with the percentage of 25.8 [18]. It may be due to the 

fact that a changed DeLano classification was 

employed for cadaveric analysis of his study. type 2 

with the percentage of 26.85 was the second most 

frequent type of optic nerve. Most of the earlier 

researches are again consistent with our results in this 

regard [1, 23, 24, 26, 28, 29]. Despite this, Heskova 

et al presented contrasting results with the type 3 to 

be the second frequent of optic nerve with the 

frequency percentage of 14.7. Batra et al indicated 

that type 2 optic nerve was the commonest amongst 

the population of Korea with the frequency of 39.8 

percent [18]. Type 3 was 11.1 percent being the less 

frequent in our study. Other researchers observed the 

same pattern [23, 26 – 28]. However, some 

researches showed contrasting findings. A study 

carried out in the year of 2009 on the population of 

Europe, by Heskova et al had indicated that Type 3 

optic nerve was found with the frequency of 23.5 

percent being the second highest. On the contrary, 

other researches had verified the presence of type 3 

with the minimum frequencies of 1.8 percent, 5.4 

percent and 9.4 percent correspondingly [11, 24, 29]. 

Type 4 of optic nerve was 6.11 percent being the less 

frequent in our study. Other studies had indicated the 

similar findings too [23, 25, 27, 28]. In the year 

2014, a study carried out by Pra et al in Thailand, had 

confirmed the type 4 to be second most frequent with 

the frequency of 9.3 percent. Pra et al had reported in 

his sample combined overall percentage of type 2, 3 

and 4 as twenty four percent. Various other studies 

have indicated type 4 optic nerve stands at third 

position with the percentages in sequence as 2.6, 12 

and 7 [11, 26, 29]. Optic nerve assessment was done 

on both sides i.e. left and right one by one to monitor 

whether there was any alteration in the distribution of 

various kinds of optic nerve on right and left-hand 

sides. It was revealed that ON types pattern was as 

same as in the other conducted studies [18, 23, 24]. 

These changes should be in the best knowledge of 

the radiologist in the Preoperative stage in order to 

establish dissection limits. Before proceeding for any 

surgery in the sphenoid sinus location, coronal and 

axial CT sections must be collected. 

 

CONCLUSION: 
In the year 1996, DeLano et al recorded a very likely 

injury risk with optic nerve type II and type III [22]. 

During the course of ESS, optic nerve type II and 

type III indicated combined frequency of 37.96 

percent with the greater risks associated with ON 

injury. CT tests are effective means to ensure the 

identification of bony variations of paranasal sinuses. 

They ensure the efficacy and safety of paranasal 

sinus surgery during pre-operative strategies. 

 

REFERENCES: 
1. Urus pone P. Delineation of Optic Nerve by Its 

Relationship with the Posterior Eithmoid and 

Sphenoid Sinuses According to Delano 

Classification Using Computed Tomography in 

Lerdsin General Hospital [Online]. Bulletin of 

the Department of Medical Services 2014; 

39:17. Available from: 

http://www.dms.moph.go.th/dmsweb/dmsweb_v

2_2/content/org/webpageJDMS_30/demo/ 

data/2557/2557-

01/2557_01_03_vol.39.pdf.Accessed on 

November 2, 2017. 

2. Heskova G, Mellova Y, Holomanova A, 

Vybohova D, Kunertova L, Marcekova M, et al. 

Assessment of the relation of the optic nerve to 

the posterior ethmoid and sphenoid sinuses by 

http://www.dms.moph.go.th/dmsweb/dmsweb_v2_2/content/org/webpageJDMS_30/demo/
http://www.dms.moph.go.th/dmsweb/dmsweb_v2_2/content/org/webpageJDMS_30/demo/


IAJPS 2018, 05 (07), 6910-6916                     Zunaira Habib et al                   ISSN 2349-7750 

 

 

 

w w w . i a j p s . c o m  

 

Page 6915 

computed tomography. Biomed Pap Med Fac 

Univ Palacky Olomouc Czech Repub 2009; 

153:149-52. 

3. Sapçi T, Derin E, Almaç S, Cumali R, Saydam 

B, Karavus M. The relationship between the 

sphenoid and the posterior ethmoid sinuses and 

theoptic nerves in Turkish patients. Rhinology 

2004; 42:30-4. 

4. Alrumaih RA, Ashoor MM, Obidan AA, Al-

Khater KM, Al-Jubran SA. Radiological 

sinonasal anatomy: Exploring the Saudi 

population. Saudi Med J 2016; 37:521-6. [DOI: 

10.15537/smj.2016.5.13904]. 

5. Dias PCJ, Albernaz PLM, Yamashida HK. 

Anatomical relationship between the optic nerve 

and the sphenoid sinus: a computed tomography 

study [Online]. Rev Bras Otorrinolaringol 2004; 

70:651-7. Available from: 

http://www.scielo.br/scielo.php?script=sci_abstr

act&pid=S0034-

72992004000500012&lng=en&nrm 

=iso&tlng=en. Accessed on November 2, 2017. 

6. Thirunavukarasu P, Prabakaran S, 

Jothiramalingam SB, Priya K, Marthandam J, 

Preethi P, et al. Computed tomographic 

evaluation of optic nerve patterns in Indian 

population [Online]. Journal of Evolution of 

Medical and Dental Sciences 2016; 5:2398-400. 

Available from: 

https://www.jemds.com/abstract.php?at_id=1089

2.Accessed on November 2, 2017. 

7. Wang J, Bidari S, Inoue K, Yang H, Rhoton A 

Jr. Extensions of the sphenoid sinus: a new 

classification. Neurosurgery 2010; 66:797-816. 

[DOI: 10.1227/01.NEU.0000367619. 

24800.B1]. 

8. Bansberg SF, Harner SG, Forbes G. Relationship 

of the optic nerve to the paranasal sinuses as 

shown by computed tomography. Otolaryngol 

Head Neck Surg 1987; 96:331-5. [DOI: 

10.1177/019459988709600405]. 

9. Unal B, Bademci G, Bilgili YK, Batay F, Avci 

E. Risky anatomic variations of sphenoid sinus 

for surgery. Surg Radiol Anat 2006; 28:195-201. 

[DOI:10.1007/s00276-005-0073-9]. 

10. Bademci G, Unal B. Surgical importance of 

neurovascular relationships of paranasal sinus 

region [Online]. Turk Neuro surg 2005; 15:93-6. 

Available from: 

http://turkishneurosurgery.org.tr/ abstract. 

phpid=40. Accessed on November 2,2017. 

11. D P, Prabhu LV, Kumar A, Pai MM, Kvn D. 

The anatomical variations in the neurovascular 

relations of the sphenoid sinus: an evaluation by 

coronal computed tomography. Turk Neurosurg 

2015; 25:289-93. [DOI: 10.5137/1019-

5149.JTN.10638-14.0]. 

12. Lakshmi RS, Gugapriya TS, Kumar NV, Guru 

AT. Positional variation of optic nerve in 

relation to sphenoid sinuses and its association 

with pneumatisation of anterior clinoid process: 

A radiological study [Online]. Journal of 

Evidence Based Medicine and Healthcare 2015; 

2:4719-28. Available from: 

https://www.jebmh.com/abstract.phpat_id=9299

5. Accessed on November2, 2017. 

13. Mynatt RG, Sindwani R. Surgical anatomy of 

the paranasal sinuses. In: Stucker FJ, De Souza 

C, Kenyon GS, Lian TS, Draf W, Schick B, 

editors. Rhinology and Facial Plastic Surgery. 

1sted.Berlin: Springer; 2009. p. 13-33. 

14. Fasunla AJ, Ameye SA, Adebola OS, Ogbole G, 

Adeleye AO, Adekanmi AJ. Anatomical 

Variations of the Sphenoid Sinus and Nearby 

Neurovascular Structures Seen on Computed 

Tomography of Black Africans [Online]. East 

Cent Afr J Surg 2012; 17:57-64. Available from: 

http://www.cosecsa.org/sites/default/files/ECAJ

S%2017%201%202012.pdf. Accessed on 

November 18, 2017. 

15. Kazkayasi M, Karadeniz Y, Arikan OK. 

Anatomic variations of the sphenoid sinus on 

computed tomography. Rhinology. 2005; 

43:109-14. 

16. Re M, Magliulo G, Romeo R, Gioacchini FM, 

Pasquini E. Risks and medico-legal aspects of 

endoscopic sinus surgery: a review. Eur Arch 

Otorhinolaryngol 2014; 271:2103-17. 

[DOI:10.1007/s00405-013-2652-4]. 

17. Dawson DE, Kraus EM. Medical malpractice 

and rhinology. Am J Rhinol 2007; 21:584-90. 

18. Lydiatt DD, Sewell RK. Medical malpractice 

and sinonasal disease. Otolaryngol Head Neck 

Surg 2008; 139:677-81. [DOI: 

10.1016/j.otohns.2008.06.027]. 

19. Batra PS, Citardi MJ, Gallivan RP, Roh HJ, 

Lanza DC. Software-enabled CT analysis of 

optic nerve position and paranasal sinus 

pneumatization patterns. Otolaryngol Head Neck 

Surg 2004; 131:940-5. [DOI: 

10.1016/j.otohns.2004.07.013]. 

20. Li Y, Sun J, Zhu X, Zhao C, Xu J, Jiang P, et al. 

Study of the relationship between sphenoid sinus 

volume and protrusions in the sphenoid sinus 

[Online]. Forensic Medicine and Anatomy 

Research 2014; 2:2-7. Available from: http://w 

w w.scirp.org/Journal /Paper Information. aspx? 

Paper ID=42424. Accessed on November 2, 

2017. [DOI: 10.4236/fmar.2014.21002]. 

21. Davoodi M, Saki N, Saki G, Rahim F. 

Anatomical variations of neurovascular 

structures adjacent sphenoid sinus by using CT 

http://www.scielo.br/scielo.php?script=sci_abstract&pid=S0034-72992004000500012&lng=en&nrm
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S0034-72992004000500012&lng=en&nrm
http://www.scielo.br/scielo.php?script=sci_abstract&pid=S0034-72992004000500012&lng=en&nrm


IAJPS 2018, 05 (07), 6910-6916                     Zunaira Habib et al                   ISSN 2349-7750 

 

 

 

w w w . i a j p s . c o m  

 

Page 6916 

scan [Online]. Pakistan Journal of Biological 

Sciences 2009; 12:522-5. Available from: 

http://scialert.net/abstract/doi=pjbs.2009.522.525

. Accessed on November2, 2017. [DOI: 

10.3923/pjbs.2009.522.525]. 

22. Dean AG, Sullivan KM, Soe MM. Open Epi: 

Open Source Epidemiologic Statistics for Public 

Health, Version [Online]. Available from: 

www.openepi.com. Accessed on November 

18,2017. 

23. Reddy UD, Dev B. Pictorial essay: Anatomical 

variations of paranasal sinuses on multidetector 

computed tomography-How does it help FESS 

surgeons? Indian J Radiol Imaging 2012; 

22:317- [DOI: 10.4103/0971-3026.111486]. 

24. DeLano MC, Fun F, Zinreich SJ. Relationship of 

the optic nerve to the posterior paranasal sinuses: 

a CT anatomic study. AJNR Am J Neuroradiol 

1996; 17:669-75. 

25. Awadalla AM, Hussein Y, EL Kammash TH. 

Anatomical and Radiological Parameters of the 

Sphenoid Sinus among Egyptians and its Impact 

on Sellar Region Surgery [Online]. Egyptian 

Journal of Neurosurgery 2015; 30:1-12. 

Available from: 

http://www.ejns.edu.eg/beta/images/jan2015/1-

12 fin.pdf. Accessed on November 18, 2017. 

26. Eloy JA, Svider PF, Setzen M. Clinical pearls in 

endoscopic sinus surgery: Key steps in 

preventing and dealing with complications 

[Online]. Am J Otolaryngol 2014; 35:324-8. 

Available from: 

http://www.amjoto.com/article/S0196-

0709(14)00014-3/abstract. Accessed on 

November 18, 2017. [DOI: 

10.1016/j.amjoto.2014.01.013]. 

27. Acharya A, Lakhpati G. CT of para nasal sinuses 

(PNS)-A surgeon's view point [Online]. 

International Archives of Integrated Medicine 

2015; 2:39-45. Available from: 

http://iaimjournal.com/w p - c o n t e n t / u p l o 

a d s / 2 0 1 5 / 1 1 /iaim_2015_0211_07.pdf. 

Accessed on November18, 2017. 

28. Strandring S. Nose, nasal cavity and paranasal 

sinuses. In: Standring S editor. Gray's Anatomy: 

The Anatomical Basis of Clinical Practice. 

40thed. London: Churchill Livingstone Elsevier; 

2008.p. 557-8 

29. Budu V, Mogoant CA, Fanuta B, Bulescu I. The 

anatomical relations of the sphenoid sinus and 

their implications in sphenoid endoscopic 

surgery. Rom J Morphol Embryol 2013; 54:13-

6. 

http://www.ejns.edu.eg/beta/images/jan2015/1-12
http://www.ejns.edu.eg/beta/images/jan2015/1-12

