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Abstract

Background: The cavity of the sphenoid sinus is a natural surgical route for accessing the
middle cranial fossa. The extent of pneumatisation of the sphenoid is key to the preoperative
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and viewed with the Digital Imaging and Communication in Medicine (DICOM) viewer,
powered by RadiAnt Version 4.2 software. Sphenoid sinus pneumatisation was defined by

ACCESS TO the anteroposterior extent of the sinus cavity of the sphenoid bone on sagittal images. The

extent of pneumatisation was classified into four; conchal, presellar, sellar and postsellar,

THIS ARTICLE ONLINE based on the position of the posterior wall of the cavity in relation to the anterior and pos-
’ terior walls of the sellar turcica.

Results: The predominant type of pneumatisation was the postsellar. The prevalence of the
different types of pneumatisation were: postsellar, 50.2%, sellar, 32.0%, presellar, 14.7%,
DOI: 10.47838/acem.26011977.127122020.asmeda.1.15 and conchal, 3.1%. There was no statistically significant relationship between pneumati-
sation and sex (X* = 0.585), or age (X’ = 0.076).

, Conclusion: With the prevalence of the different types of pneumatisation, a pre-operative
Website CT assessment of the sphenoid sinus anatomy is essential, whenever the options for a trans-
https:/lwww.acemedicine.asmeda.org sphenoidal access to the sellar is being contemplated.
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Introduction pneumatization of the sphenoid sinus (8). Notwithstanding the
route of access to the pituitary gland and the surrounding base
of the brain, the endoscopic method eventually involves tres-
passing the sphenoid sinus (4,9,10). Therefore, a detailed know-
ledge of the anatomical variations of the sphenoid sinus pneu-
matization could have a major influence on the surgical appro-
ach, survival of the patients and the chances of complications,
when performing endoscopic sinus surgery for optic nerve de-
compression, pituitary hypophysectomy and management of
diseases affecting structures in the neighbourhood of the sellar
turcica (4,9). The trans-sphenoidal access is considered the
standard endoscopic surgical approach to the base of the brain and
the pituitary gland, when all other conditions are adequate
(10,11). In addition, the trans-sphenoidal route is quicker, safer,
less traumatic, presents an exceptional visualization of the pitui-
tary gland and related structures, circumvents brain retraction,
and reduces morbidity and mortality associated with brain base
surgeries when compared with the transcranial route (4,10-12).
In the prevailing circumstances, computed tomography (CT),
is a valuable imaging technology, widely available for the asse-
ssment of sinus anatomy, via three-dimensional structural eva-
luation, with production of thin and multislice CT technology,
submillimetre resolutions, multiplaner and volumetric recon-

Pneumatisation is the most significant characteristic of the body
of the sphenoid bone, such that, the expression of other sinus
features, depends on it (1-3). The extent of pneumatisation of
the sphenoid sinus is of critical preoperative concern to neuro
surgeons and otolaryngologists, while determining an adequate
transsphenoidal access to the base of the brain (4). Pneumati-
sation of the body of the sphenoid bone begins in the second
or third year after birth, in a posterolateral direction, extending
to, but not exceeding the spheno-occipital synchondrosis in the
adult sinus (1,2). The sinus attains adult sizes at about 14 - 18
years, with slight increases resulting from absorption of the
sinus walls with advancing age (1,2,4). Absence of pneumati-
sation by the tenth year after birth, is an evidence of a possible
sphenoid sinus pathology (5). Although, sphenoid sinus agene-
sis is exceptionally uncommon (3), it is more frequently found
in patients with craniofacial anomalies due to less well-deve-
loped paranasal sinuses (6, 7).

The emergence of endoscopic skull base surgery as a conven-
tional surgical procedure, led to the need to obtain detailed in-
formation about the anatomy and variations in the extent of
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struction with improved patient's comfort, and a reduction in
radiation concerns (13-15).

Among Nigerians and Africans, there is a general paucity of
CT based data, for a comprehensive and robust assessment of
the sphenoid sinus to facilitate trouble-free transsphenoidal
access to the base of the brain. Therefore, CT scan assessment
of minute details of the sinus anatomy and variations in its
extent of pneumatization will enable the surgeon to conclude
on the most appropriate route to the brain base, in order to
control and/or prevent post-surgical complications. The aim
of this study, was to determine the prevalence and variations
in the extent of pneumatisation of the body of the sphenoid bone
among Nigerian adults, by means of a high-resolution CT scan,
and an insight into their surgical anatomy.

Materials and Methods

Sphenoid sinus CT scans of 323 adult patients (age range, 18 -
80 years), taken over a period of five years (November 2014 -
October 2019), were retrospectively studied at the Radiology
Department of the Usmanu Danfodiyo University Teaching
Hospital, Sokoto, after approval was granted by the institutional
ethical committee. The head CT scans were obtained from the
local data base and backed up external storage discs from the
CT library. The images were taken with a GE Bright Speed
Multidetector Helical CT (GE Healthcare, U.S.A, 2005) Sca-
nner, at 200 mAs, 120 KVp, 15 cm Field of View, slice thick-
ness of 2.5 mm, 512 X 512 matrix and a standard reconstru-
ction algorithm. CT images of patients less than 18 years, those
with evidence of sinus disease, craniofacial anomalies, skull
base trauma and intracranial tumours that affect the normal
anatomy of the sphenoid sinus, were excluded from this study.
The images were viewed on the computer aided Digital Ima-
ging and Communication in Medicine (DICOM) viewer, po-
wered by the RadiAnt Version 4.2 software. The sphenoid sinus
pneumatisation was defined by the anteroposterior extent of the
cavity within the body of the sphenoid bone on sagittal CT
images as previously described (16). The extent of pneumati-
sation of the sphenoid was classified into four; conchal, pre-
sellar, sellar and postsellar. This classification, was based on
the position of the posterior wall of the cavity of the sphenoid
sinus in relation to the anterior and posterior walls of the sellar
turcica (16). For conchal pneumatisation, the posterior wall of
the sphenoid sinus was anterior to, and separated from the ant-
erior wall of the sellar turcica by an approximately 10 mm len
gth of bone thickness (Figure 1). In presellar pneumatisation,
the posterior sinus wall was just anterior to the anterior wall
of the sellar turcica (Figure 2). The posterior wall of the sphe-
noid sinus was between the anterior and posterior walls of the
sellar turcica in sellar pneumatisation (Figure 3), while in post
sellar pneumatisation, the posterior sinus wall was located be-
hind the posterior wall of the sellar turcica, in proximity with
the clivus of the occipital bone (Figure 4).

Statistical analysis

Data was tabulated in Microsoft Excel Spreadsheet. IBM SPSS
Statistics Version 22 software was used for data analysis, One-
way analysis of variance (ANOVA), was used to compare mean
values, while proportions were compared using chi-square test.

P- value of less than 0.05 (p < 0.05) was considered to be sta-
tistically significant.
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Figure 1: A sagittal CT slide of sphenoid sinus of a 78-year-old female
demonstrating the conchal type of pneumatisation. BT = Bone Thickness
(> or = 10mm), AWST = Anterior Wall of Sellar Turcica, PWSS = Posterior

Wall of Sphenoid Sinus, SC = Sinus Cavity

Figure 2: A sagittal CT slide of sphenoid sinus of a 42-year-old male
showing presellar pneumatisation. AWST = Anterior Wall of Sellar
Turcica, PWSS = Posterior Wall of Sphenoid Sinus

Anterior

Figure 3: A sagittal CT slide of sphenoid sinus of a 23 year old female
showing sellar pneumatisation. AWST = Anterior Wall of Sellar Turcica,
ST = Sellar Turcica, PWST = Posterior Wall of Sellar Turcica,

PWSS = Posterior Wall of Sphenoid Sinus, SC = Sinus Cavity

Results
Prevalence of the different types of pneumatisation.
In this study, all known types of pneumatisation were present.

The most common was the postsellar type, while the least common,
was the conchal pneumatisation. The prevalence of the different
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Figure 4: A sagittal CT Slide of Sphenoid Sinus of a 67year old female
Showing Postsellar Pneumatisation. ST = Sellar Turcica, PWST = Posterior
Wall of Sellar Turcica, PWSS = Posterior Wall of Sphenoid Sinus,

SC = Sinus Cavity

types of pneumatisation are shown in Figure 5, and are as
follows; postsellar, 50.2%, (162 subjects), sellar, 32.0%, (103
subjects), presellar, 14.7%, (48 subjects), and conchal, 3.1%
(10 subjects).

14.86%

Figure 5: Prevalence's of the different types of pneumatisation of the
sphenoid sinus of subjects used in this study

Table 1: Relationship between classification of the extent of pneumatisation
of the sphenoid body and age group of subjects

Age No. of Type of Pneumatization
groups subjects
(Years) Conchal (%) Presellar (%) Sellar (%) Postsellar (%)
18-26 88 5(5.68) 11 (12.50) 38 (43.18) 33(37.50)
27-35 58 2(3.45) 12 (20.69) 18 (30.03) 26(29.55)
36 -44 40 1(2.50) 5(12.50) 16 (40.00) 18 (45.00)
45-53 50 1(2.00) 10 (20.0) 10 (20.00) 30 (60.00)
54-62 36 1(2.78) 5(13.89) 6(16.67) 24 (66.67)
63-71 31 0(0.00) 4(12.90) 10 (32.26) 17 (54.84)
72-80 20 0(0.00) 1(5.00) 5(25.00) 14 (70.00)
Total 323 10(3.10) 48 (14.86) 103 (31.89) 162 (50.15)

X*=0.076, df = 18. Data are expressed as Number (%) of the classes of pneumatisation
across the different age groups.

The relationship between type of pneumatisation and age is
presented in Table 2. There was no statistically significant rela-
tionship between the type of pneumatisation and age (X* = 0.076,
Table 1), or sex (X° = 0.585).

Table 2: Relationship between the extent of pneumatisation of the sphenoid
body and sex of subjects

Sex of No. of Type of Pneumatisation
: Conchal (%) Presellar (%) Sellar (%) Postsellar (%)
Males 216 7(3.24) 32(14.81) 74 (34.26) 103 (47.69)
Female 107 3(2.80) 16 (14.95) 29 (27.10) 59 (55.14)
Total 323 10 (3.10) 48 (14.86) 103 (31.89) 162 (50.15)

X*=0.585, df = 3. Data are expressed as Number (%) of the classes of pneumatisation
between males and females.

Discussion

In conchal pneumatisation, the body of the sphenoid bone is
poorly pneumatised. Transsphenoidal access to the sellar turcica
is considered unfavourable and to some, it is a contraindication
(17). However, in developed health centres with high definition
intraoperative navigational or fluoroscopic imaging, and focused
proficiency in endoscopic sinus surgery, poorly pneumatized
sphenoid sinus, especially among the paediatric age group is
no longer a contraindication for safe transpshenoidal access
(18,19). Nevertheless, information from pre-operative CT assess
ment of the sinus anatomy has prompted the application of these
modifications as alternative approaches to safely circumvent
obvious surgical difficulties (20). In addition, the size of the
tumor also plays a significant role in determining the route of
access, as such, for a safe and complete resection of larger tumors,
the transcranial route could be considered (18,19, 20).

In this study, while conchal pneumatisation was the least com-
mon, 3.10%, it was higher than the prevalence range of 1.6%
to 2.5%, reported in several studies (4,12,21,22,23). This popu-
lation will therefore require careful planning of a transsphe-
noidal access to evade anticipated problems. In selected cases,
drilling through the sphenoid bone, in patients with conchal
pneumatization, in order to access and expose the sellar and
parasellar regions is feasible. This is however, associated with
increase in operating time, bleeding from the marrow, as well
as a narrow operating field. This has also necessitated the use
of a diamond burr embedded with provisions for thermocoa-
gulation (18,24,25).

No conchal pneumatisation was identified in studies involving
Americans in Gainesville, Florida (16,26), Nigerians in the
southwest (27), and Port Harcourt and Yenagoa (28). Among
a population Chinese subjects, Lu (29), found a 16%, and Kuan
(25), reported a 37% prevalence of conchal pneumatisation.
With postsellar pneumatisation, the possibility of a hyper-pneu-
matized sinus exists (4). This is usually associated with inherent
thinning of the irregular bony floor of the middle cranial fossa,
and the absence of an obvious prominence, produced by the
sellar bulge (4). This increases the chances of inadvertent injury,
with perforation of the cranial floor or the posterior wall, resu-
Iting in leakage of cerebrospinal fluid (30). In order to prevent
this, the surgeon should proceed with caution, by avoiding
excessive dissection, and restricting the operation field to kn-
own average diameters of sinus dimensions for such populations.
This is achieved by keeping to the midline as much as possible,
while approaching the sellar. This can be achieved further, by
keeping an eye on the inferior attachment of the sinus septum
to the sinus floor, the rostrum, vomer on the lower part, just
below the base of the sphenoid, and in selected cases, employ
the C-arm fluoroscope intraoperatively (4,30). Except the sur-
geon is well guided, the large area provided by a postsellar
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pneumatisation may sometimes be misleading as having suff
icient amount of operating field, until an unanticipated injury
occurs. Postsellar pneumatisation is the most common type of
pneumatisation in the current study. This is similar to the pre-
valence of 80% (27), at Ile - Ife, Osun state, Nigeria, then,
among Hispanics and Caucasians, with 48.2% and 56%, resp-
ectively (12), 54% according to (16), and 57% (23). Postsellar
pneumatisation was not seen in a study involving 30 cadavers
(31), or among Chinese in Guangdong (29), in Pennsylvania,
(21), and among Egyptians (32). Moreover, no prevalence of
postsellar pneumatisation was reported in other studies (22,28).
Sellar and presellar forms of pneumatisation are characterised
by fewer surgical peculiarities when compared with the conchal
and postsellar extremes (4,10,17). However, sellar pneumati-
sation, unlike in this study, was the predominant type of pneu-
matisation in previous studies (4,12,21,22,28-35). The preva-
lence of presellar pneumatisation from the current study
(14.86%), fell within the range of 7.3% - 28.5%, reported by
several studies (4,12,16,21,22,26-32).

Conclusion:

The incidence of the different patterns of sphenoid sinus pneum-
atisation is remarkable. This would require adequate, individ-
ualized preoperative CT evaluation, for information that could
could be relevant to a safe trans-sphenoid skull base surgery.

Acknowledgements

We are grateful to the leadership and staff of the Department
of Radiology (UDUTH, Sokoto), for making the CT scans
available to us.

Conflict of interest
None

References

1. Helmy ID, Tadros AA, Micheal MA. The Anatomical Basis of Medical
Practice. The Human Skeleton. 1969. 1" Edition; 197.

2. Sinnatamby CS. (ed). Last's Anatomy. Regional and Applied, (11" ed.),
Churchill Livingstone, Edinburgh. 2005. 386 - 390.

3. Cakur B, Stimbiilli MA. Yilmaz AB. A Retrospective Analysis of Sphenoid
Sinus Hypoplasia and Agenesis using Dental Volumetric CT in Turkish
Individuals. Diag. Int. Rad. 2011. 17(3), 205.

4. Hamid O, El Fiky L, Hassan O, Kotb A. El Fiky S. Anatomic Variations
of the Sphenoid Sinus and their Impact on Trans-Sphenoid Pituitary Sur-
gery. Skull base. 2008.18(01).009-015.

5. Anik I, Anik, Y, Koc K, Ceylan S. Agenesis of Sphenoid Sinuses. Clin
Anat. 2005.18:217-219.

6. Tan HKK, Ong Y, Teo MSK, Fook-Chong SMC. The Development of
Sphenoid Sinus in Asian Children. Int J Pediatr Otorhinolaryngol. 2003.
67:1295-1302.

7. Rivero PVP, Yanez TK, Garcia MM, Ruiz GT, Romero GP, Huelva AB.
Melanoma of the Sphenoid Sinus. Report of a Case and Literature Review.
Acta Otorrinolaringol Esp. 2004. 55:45-48.

8. Mohebbi A, Rajaeih S, Safdarian M, Omidian P. The Sphenoid Sinus,
Foramen rotundum and Vidian Canal: A Radiological Study of Anatomical
Relationships. Braz. J. Otorhinolaryn. 2016 83(4):381---387

9. Mehmet E, Sahin B, Bilgic S, Celebi M, Uzun A. Volumetric Evaluation
of the Paranasal Sinuses in Normal Subjects Using Computer Tomography
Images: a Stereological Study. Auris Nasus Larynx 2007. 34; 191-195.

10. Cavallo LM, Messina A, Cappabianca P, Esposito F, de Divitiis E, Gardner
P et al. Endoscopic Endonasal Surgery of the Midline Skull Base: Anatomical

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Study and Clinical Considerations. Neuro. foc. 2005. 19(1).1-14.
Fasunla AJ, Ameye SA, Adebola OS, Ogbole G, Adeleye AO, Adekanmi
AJ. Anatomical Variations of the Sphenoid Sinus and Nearby Neurovas-
cular Structures Seen on Computed Tomography of Black Africans. Eas.
Cen. Aft. J. Surg. 2012. 17(1).57-64.

Tomovic S, Esmaeili A, Chan NJ, Shukla PA, Choudhry OJ, Liu JK, Eloy
JA. High-Resolution Computed Tomography Analysis of Variations of the
Sphenoid Sinus. J. Neurol. Surg. Part B: Skull Base. 2013. 74(02).082-090.
Reichs KJ. Quantified Comparison of Frontal Sinus Patterns by Means
of Computed Tomography. Forensic Sci Int. 1993. 61; 141-168.

. Damman F, Bode A, Heuschmid M, Kopp A, Georg C, Pereira PL. Multislice

CT of the Paranasal Sinuses: First Experiences Using Parameters of Rad
iation Dosage. Rofo. 2000.172(8); 701-702.
Maryam S, Xue D, Hu Y, Cleynenbreuge J, Jacobs R. Spiral Computed
Tomography Based Maxillary Sinus Imaging in Relation to Tooth Loss,
Implant Placement and Potential Grafting Procedure. J. Oral. Maxillofac.
Res. 2010. 1(1):e7.
Wiebracht ND, Zimmer LA. Complex Anatomy of the Sphenoid Sinus:
A Radiographic Study and Literature Review. J. Neurol. Surg. Part B:
Skull Base. 2014. 75(06).378-382.
Massoud AF, Powell M, Williams RA, Hindmarsh PC, Brook CG. Trans
sphenoidal surgery for pituitary tumours. Archives of disease in childhood.
1997 May 1;76(5):398-404.
Tatreau JR, Patel MR, Shah RN, McKinney KA, Wheless SA, Senior BA,
Ewend MG, Germanwala AV, Ebert Jr CS, Zanation AM. Anatomical
considerations for endoscopic endonasal skull base surgery in pediatric
patients. The Laryngoscope. 2010 Sep;120(9):1730-7.
Khalili S, Palmer JN, Adappa ND. The expanded endonasal approach for
the treatment of intracranial skull base disease in the pediatric population.
Current opinion in otolaryngology & head and neck surgery. 2015;23(1):
65-70.
Nomikos P, Buchfelder M, Fahlbusch R. Recent developments in trans
sphenoidal surgery of pituitary tumours. Hormones-Athens. 2004;3:85-91.
Vaezi A, Cardenas E, Pinheiro-Neto C, Paluzzi A, Branstetter BF, Gardner
PA. Classification of Sphenoid Sinus Pneumatisation: Relevance for Endo
scopic Skull Base Surgery. The Laryngoscope. 2015. 125(3).577-581.
Kapoor K, Yadav A, Poonia M. Normal Anatomical Variations of Sphenoid
Sinus — A Retrospective Radiological Analysis by Cross Sectional Imaging.
JMSCR. 2017. 5(9). 28402-28407.
Bilgir E, Bayrakdar IS. A new classification proposal for sphenoid sinus
pneumatization: a retrospective radio-anatomic study. Oral Radiology. 2020.
Jul 22:1-7.
Banu MA, Rathman A, Patel KS, Souweidane MM, Anand VK, Greenfield
JP, Schwartz TH. Corridor-based endonasal endoscopic surgery for pediatric
skull base pathology with detailed radioanatomic measurements. Operative
Neurosurgery. 2014 Jun 1;10(2):273-93.
Kuan EC, Kaufman AC, Lerner D, Kohanski MA, Tong CC, Tajudeen BA.
Lack of sphenoid pneumatization does not affect endoscopic endonasal
pediatric skull base surgery outcomes. The Laryngoscope. 2019 Apr;129
(4):832-6.
Fujii K, Chambers SM. Rhoton Jr, AL. Neurovascular Relationships of the
Sphenoid Sinus: A Microsurgical Study. J. Neurosurg. 1979. 50(1).31-39.
Amusa YB, Eziyi JAE, Akinlade O, Famurewa OC, Adewole SA, Nwoha
PU et al. Volumetric Measurements and Anatomical Variants of Paranasal
Sinuses of Africans (Nigerians) Using Dry Crania. Int'l J.Med.Med.Sci.
2011; 3(10): 399-303.
Kpuduwei SPK, Oladipo GS, Agi CE, Ajoku U, Kiridi EK, Oyakhire MO.
Mean volumetric dimensions and pneumatisation types of the sphenoid
sinus in a Nigerian population (a cross-sectional radiographic study). Eur.
J. Biomed. Pharm. Sci. 2017.4(4); 125-130.
LuY, Pan J, Qi S, Shi J, Zhang XA Wu K. Pneumatisation of the Sphenoid
Sinus in Chinese: The Differences from Caucasian and its Application in
the Extended Transsphenoidal Approach. J. Anat. 2011. 219(2).132-142.

www.acemedicine.asmeda.org | ISSN: 2714-4674 (Online) |

ISSN: 2714-4666 (Print)

Volume 1 | No.2 | July- December 2020



; Annals of Clinical and Experimental Medicine : 176

Original Article

Surgical Anatomy of Variations in Sphenoid Sinus Pneumatisation using Computerized Tomography

30. Shah NJ, Navnit M, Deopujari CE, Mukerji SS. Endoscopic pituitary

31.

surgery-a. beginner's guide. Indian Journal of Otolaryngology and Head
and Neck Surgery. 2004 Jan 1;56(1):71-8.

Sethi DS, Stanley RE, Pillay PK. Endoscopic Anatomy of the Sphenoid
Sinus and Sellar Turcica. The Journal of Laryngology & Otology. 1995.
109(10).951-955.

32. Awadalla AM, Hussein Y, ELKammash TH. Anatomical and Radiological

Parameters of the Sphenoid Sinus among Egyptians and its Impact on
Sellar Region Surgery. J. Neurol. Sur.Part B: Skull Base. 2015. 76 (S 01).

33.

34.
35.

089.

Idowu O, Balogun BO, Okoli CA. Dimensions, Septation, and Pattern of
Pneumatisation of the Sphenoidal Sinus. Folia morphologica. 2009. 68(4):
228-32

Bidarkotimath S, Viveka S, Udyavar A. Vidian Canal: Radiological Ana
tomy and Functional Correlations. J Morpholl Sci. 2012. 29(1). 27-31.
Nepal P, Karki K, Rajbanshi J. Types of Sphenoid Sinus Pneumatization
among Nepalese Population. Eastern Green Neurosurgery. 2020. 2(3).
14-18.

www.acemedicine.asmeda.org | ISSN: 2714-4674 (Online) |

ISSN: 2714-4666 (Print)

Volume 1 | No.2 | July- December 2020



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6

