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Background: Functional endoscopic sinus surgery is a common surgery done in otorhinolaryngology, but it is also
riddled with complications. The most dangerous complication is the injury to the skull base leading to cerebrospinal
fluid leak, meningitis or damage to intracerebral vessels. Lateral lamella of the cribriform plate is the most common
site of injury. Keros described the depth of the olfactory fossa in detail and divided them into three types.

This study aims to assess the anatomical variations of type of ethmoid roof and depth of olfactory fossa as per Keros

Methods: Descriptive study where CT scans were evaluated from the radiology department from 29 September
2018 to 20 May 2020. All the CT films were assessed according to the observation checklist.

Results: Our study included 256 patients. Males constituted 54.3% of patients, and 45.7% of patients were females.
Type 2 Keros was the most common followed by type 1 and type 3. Type 3 was seen more in males, and it was statisti-

Conclusion: The study evaluated the depth categorization of the ethmoid roof and its variations on the basis of age
and gender. In our study, the most common type was Keros type 2, but there was a noteworthy difference between
the two sides in the same individual. Therefore, extra care must be taken during surgery to note the type of Keros on

Background

Endoscopic sinus surgery (ESS) is a common proce-
dure; it is indicated for chronic rhinosinusitis which is
not controlled by medical management [1, 2], and this is
furthermore done in cases of nasal polyposis, mucocele,
sellar and parasellar tumours and optic nerve decom-
pression and other intracranial lesions by using extended
approaches of the ESS [3, 4].
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The chief problems of ESS are ophthalmic damage,
meningitis, cerebrospinal fluid leak and intracerebral ves-
sel damage [5-7]. The ethmoid bone is the main site of
maximum complications of ESS [8-11].

As stated by previous studies, the lateral lamella of
the cribriform plate is the most common site of damage
during ESS [12-16]. The delicate area in the skull base is
where the anterior ethmoidal artery goes into the cranial
cavity [17, 18].

The fovea ethmoidalis is a continuation of the orbital
plate of frontal bone and forms the roof of the ethmoid.
This forms a boundary between the ethmoidal cells and
the anterior cranial fossa [19]. It is connected to the lat-
eral lamella of the cribriform plate medially [10, 20].
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The height of lateral lamella of the cribriform plate gov-
erns the depth of the olfactory fossa. Based on its depth,
Keros categorized the olfactory fossa into three types as
follows: Keros type 1 (< 3 mm), type 2 (4—7 mm) and type
3 (8—16 mm). An inconsistent section of the lateral wall
of the olfactory fossa will be bare during ESS in the fron-
toethmoidal region based on the type of Keros. The type
3 Keros is more at risk of injuring the lateral lamella of
the cribriform plate during ESS [21, 22].

Aim

To assess the anatomical variations of type of ethmoid
roof and depth of olfactory fossa as per Keros
classification.

Methods

This was a retrospective observational descriptive study,
wherein the clinical case records of all the patients who
have undergone CT imaging of paranasal sinuses (PNS)
from 29 September 2018 to 20 May 2020 were taken from
the CT archives of radiology department at our institu-
tion, using a predesigned validated observation check-
list. Ethics approval was obtained from the institution
ethics committee vide number FMIEC/CCM/100/2020.
The datasets generated and/or analysed during the cur-
rent study are available in the RISCPACKS repository.
The patients’ data was kept completely confidential, and
the personal identifiers were never revealed in any form
while reporting results. The clinical case records of all
the patients who underwent a computed tomography
study of paranasal sinuses, from September 2018 to May
2020, were included. Patients with malignancy of nose
and PNS, road traffic accident cases and revision nasal
surgery cases were excluded from the study. The sample
size obtained was 256. Each CT scan was assessed jointly
by one radiologist and three rhinologists. The consensus
findings of all the 4 researchers were entered into the
Excel sheet for analysis.

All CT scans were obtained with GE BrightSpeed 16
slice. After obtaining the scout projection, the area of
scanning was defined to include the region from anterior
wall of frontal sinus until the sphenoid sinus for coronal
sections. Axial sections were performed with the patient
in the supine position. The plane of data acquisition was
parallel to the hard palate. The sections were taken with
slice thickness of 2.5 mm, and the images were recon-
structed to 1.25 mm. Scanning parameters included 150
mas and 120 kvp. Coronal sections were performed with
the patients in the prone position with extended neck
and the plane perpendicular to the axial plane. The scan
parameters were the same as in axial plane.
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Results

In our study, the CT scans of 256 patients were studied.
A total of 54.3% of the patients constituted of males, and
45.7% were females respectively.

The age group of patients ranged between 7 and 83
years. We found that 9.7% of patients were normal,
41.8% patients had sinusitis, 23% patients had DNS, 5.9%
patients had DNS with sinusitis, 18% patients had poly-
posis, 1.2% patients had sinusitis with polyposis, and
0.4% patients had DNS with polyposis.

Type 2 Keros (Fig. 1) was the commonest in the CT
scans studied in our study (Table 1). Type 2 Keros was
proportionately higher in the people aged between 27
and 46 years. (Table 2). A significantly higher proportion
of type 3 Keros (Fig. 2) was seen in males on the right
side (Table 2) (y* 6.04, df 2, p-value 0.049).

The majority of the patients had the same type of Keros
on both sides (Table 3). Asymmetry in the olfactory fossa
was found in 104 (40.6%) patients, and pneumatization of
crista galli was seen in 15 (5.9%) patients

Father

Fig. 1 Showing Keros variation type 2
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Table 1 Distribution of Keros classification according to sides
Right Left
Type 1 Type 2 Type 3 Type 1 Type 2 Type 3
N n%° n n%° n n%° n n%° n n%° n n%°
33 129 210 82.0 13 5.1 38 14.9 209 81.6 9 35
2 Row percentages
Table 2 Distribution of Keros classification according to the sides and age and sex of the patients
Right Left
Type 1 Type 2 Type 3 Type 1 Type 2 Type 3
n n%? n n%? n n%? n n%? n n%? n n%?
Age (in years) 7-26 5 15.2 60 286 4 30.7 10 26.3 57 27.3 2 222
27-46 17 515 83 395 6 46.2 16 42.1 83 39.7 7 77.8
47-66 M 333 51 24.3 3 23.1 1 29.0 54 258 0 0.0
67-86 0 0 16 76 0 0.0 1 26 15 7.2 0 0.0
Sex Male 20 60.6 108 514 M 84.6 20 526 114 54.5 5 556
Female 13 394 102 48.6 2 154 18 474 95 455 4 444

2 Column percentages

Fig. 2 Showing Keros variation type 3 bilaterally

Table 3 Distribution of Keros type on both sides according to
the sex of the patients

Keros type on both sides

Same Different
n n? n n?
Sex Male 115 82.7 24 173
Female 98 83.8 19 16.2

@ Row percentages

Discussion

Computed tomography of the paranasal sinuses is vital
in the preoperative evaluation of a FESS candidate.
The familiarity concerning lateral lamella asymmetries
and the olfactory fossa variants is indispensable to the
endoscopic surgeon while performing FESS as it may
lead to grave problems. Thus, radiographic assessment
of the ethmoid roof is imperative to deliver a safe out-
come to the patient.

In our study, type 2 Keros was the commonest, fol-
lowed by type 1 and type 3. In our study, 82% patients
had type 2 Keros on both sides, 12.9% patients (right
side) and 14.8% patients (left side) had type 1 Keros,
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and 5.1% patients (right side) and 3.5% patients (left
side) had type 3 Keros. Murthy A. et al. [23] also found
that majority of the patients (71.5%) had Keros type 2.

A higher proportion of male and female patients had
Keros type 2 on both the sides (Table 2). Elwany S. et al.
[24] in their study on radiologic inspection of ethmoid
roof and olfactory fossa found that 68% male patients
had Keros type 2 on right side, and 65.3% male patients
had Keros type 2 on left side, while 52% female patients
had Keros type 1 on right side and 54% on the left side,
respectively. Type 3 Keros was seen significantly higher
in males compared to females, but no reason could be
identified for the differences observed.

Different Keros types of olfactory fossa on either side
were observed in 16.8% of our study patients, whereas
Babu A. C. et al. [14] observed a higher discordance of
Keros (Fig. 3) type on either side 21.7%. and Pawar et al.
[4] found asymmetry in types of Keros on either side in
only 11.5% patients.

In our study, we found that the height of the lateral
lamella between left and right was symmetrical in 59.4%
and asymmetrical in 40.6% patients. The study by Souza
S. A. et al. [25] on radiologic evaluation of the ethmoid
roof showed that the height of the lateral lamellas

Fig. 3 Showing Keros variation type 2 on right side and type 1 on
left side
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between left and right sides was symmetrical in 88%,
while 5.5% had lower lateral lamella on left side, and 6.5%
had lower lamella on right side.

A total of 6% of the patients had pneumatized crista
galli in our study whereas Som P. M. et al. [26] observed
pneumatisation of crista galli in CT scans of 13% of
patients.

Conclusion

This study evaluated the depth categorization of the
ethmoid roof, and its variations on the basis of age and
gender were examined. In our study, the leading and
most common type was Keros type 2, but there was a
noteworthy difference between the two sides in the same
individual. Therefore, extra care must be taken during
surgery to note the type of Keros on each side.

Acknowledgements
I thank faculty members of the Department of Otorhinolaryngology and
Department of Radiology for their constant support during the study.

Authors’ contributions

SN worked on gathering data and analysing the data and helped in manu-
script writing. AA helped in analyzing data and major contributor in manu-
script writing. BB helped in accessing the data and interpretation of data. CJ
helped in reviewing the manuscript. The authors read and approved the final
manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets during and/or analysed during the current study available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethics approval was obtained from the Father Muller Institution ethics com-
mittee vide number FMIEC/CCM/100/2020.

Consent to participate is not applicable as it is a retrospective study

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details

!'Department of Otorhinolaryngology, Father Muller Medical College, Man-
galore, India. ?Department of Radiology and Radiodiagnosis, Father Muller
Medical College, Mangalore, India.

Received: 31 October 2021 Accepted: 5 August 2022
Published online: 29 August 2022

References

1. BugtenV, Nordgard S, Romundstad P, Steinsvdg S (2008) Chronic
rhinosinusitis and nasal polyposis: indicia of heterogeneity. Rhinology.
46(1):40-44.



Naaz et al. The Egyptian Journal of Otolaryngology

20.

21.

22.

(2022) 38:112

Nair S, Dutta A, Rajagopalan R, Nambiar S (2011) Endoscopic sinus sur-
gery in chronic rhinosinusitis and nasal polyposis: a comparative study.
Indian J Otolaryngol Head Neck Surg. 63(1):50-55. https://doi.org/10.
1007/512070-011-0119-8.

Luong A, Marple BF (2006) Sinus surgery: indications and techniques. Clin
Rev Allergy Immunol. 30(3):217-222. https://doi.org/10.1385/CRIAI:30:3:
217.

Pawar A, Konde S, Bhole P (2017) Assessment of depth of olfactory fossa
in pre-functional endoscopic sinus surgery computed tomography scan
of paranasal sinuses. Int J Otorhinolaryngol Head Neck Surg. 4(1):83.
https://doi.org/10.18203/issn.2454-5929.ijohns20174663.

Dessi P, Castro F, Triglia JM, Zanaret M, Cannoni M (1994) Major complica-
tions of sinus surgery: a review of 1192 procedures. J Laryngol Otol.
108(3). https://doi.org/10.1017/50022215100126325.

McMains KC (2008) Safety in endoscopic sinus surgery. Curr Opin Oto-
laryngol Head Neck Surg. 16(3):247-251. https://doi.org/10.1097/MOO.
0b013e3282fdccad.

Ulualp SO (2008) Complications of endoscopic sinus surgery: appropriate
management of complications. Curr Opin Otolaryngol Head Neck Surg.
16(3):252-259. https://doi.org/10.1097/MO0.0b013e3282fdc3b2.
Hosemann W, Draf C (2013) Danger points, complications and medico-
legal aspects in endoscopic sinus surgery. Laryngo-Rhino-Otologie.
92(Suppl 1(S01)):S1-522. https://doi.org/10.1055/5-0033-1337908.
Maharshak I, Hoang JK, Tariq BM (2013) Complications of vision loss and
ophthalmoplegia during endoscopic sinus surgery. Clin Ophthalmol.
7:573-580. https://doi.org/10.2147/0OPTH.S40061.

Adeel M, lkram M, Rajput MSA, Arain A, Khattak YJ (2013) Asymmetry

of lateral lamella of the cribriform plate: a software-based analysis of
coronal computed tomography and its clinical relevance in endoscopic
sinus surgery. Surg Radiol Anat. 35(9):843-847. https://doi.org/10.1007/
500276-013-1106-4.

. Ramakrishnan VR, Kingdom TT, Nayak JV, Hwang PH, Orlandi RR (2012)

Nationwide incidence of major complications in endoscopic sinus
surgery. Int Forum Allergy Rhinol. 2(1):34-39. https://doi.org/10.1002/alr.
20101.

Stammberger H (1993) Complications of inflammatory paranasal sinus
diseases including iatrogenically-induced complications. Eur Arch Otorhi-
nolaryngol Suppl. 1:61-102 https://europepmc.org/article/med/8374351.
Terrier F, Weber W, Ruefenacht D, Porcellini B (1985) Anatomy of

the ethmoid: CT, endoscopic, and macroscopic. Am J Roentgenol.
144(3):493-500. https://doi.org/10.2214/ajr.144.3.493.

Babu A, Nair M, Kuriakose A (2018) Olfactory fossa depth: CT analysis of
1200 patients. Indian J Radiol Imaging. Published online. https://doi.org/
10.4103/ijri.JRI_119_18.

Shama SAM, Montaser M (2015) Variations of the height of the ethmoid
roof among Egyptian adult population: MDCT study. Egypt J Radiol Nucl
Med. 46(4):929-936. https://doi.org/10.1016/j.jrnm.2015.07.013.
Grevers G (2001) Anterior skull base trauma during endoscopic sinus sur-
gery for nasal polyposis preferred sites for iatrogenic injuries. Published
online, Rhinology.

Amarnath SB, Suresh KP (2018) Study of variants of anterior ethmoidal
artery on computed tomography of paranasal sinuses. Int J Otorhi-
nolaryngol Head Neck Surg. 5(1):19. https://doi.org/10.18203/issn.2454-
5929.ijohns20185106.

Francies O, Makalanda L, Paraskevopolous D, Adams A (2018)

Imaging review of the anterior skull base. Acta Radiol Open.
7(5):2058460118776487. https://doi.org/10.1177/2058460118776487.
Salroo IN, Dar NH, Yousuf A, Lone KS (2016) Computerised tomographic
profile of ethmoid roof on basis of keros classification among ethnic
Kashmiri's. Int J Otorhinolaryngol Head Neck Surg. 2(1):1. https://doi.org/
10.18203/issn.2454-5929.ijohns20151134.

Moon HJ, Kim HU, Lee JG, Chung IH, Yoon JH (2001) Surgical anatomy of
the anterior ethmoidal canal in ethmoid roof. Laryngoscope. 111(5):900-
904. https://doi.org/10.1097/00005537-200105000-00027.

Keros P (1965) On the practical importance of differences in the level of
the cribriform plate of the ethmoid. Laryngol Otol (Stuttg). 41:808-813.
Kaplanoglu H, Kaplanoglu V, Dilli A, Toprak U, Hekimoglu B (2013) An
analysis of the anatomic variations of the paranasal sinuses and ethmoid
roof using computed tomography. Eurasian J Med. 45(2):115-125.
https://doi.org/10.5152/eajm.2013.23.

23.

24,

25.

26.

Page 5 of 5

Ashok Murthy V, Santosh B (2017) A study of clinical significance of the
depth of olfactory fossa in patients undergoing endoscopic sinus surgery.
Indian J Otolaryngol Head Neck Surg. 69(4):514-522. https://doi.org/10.
1007/512070-017-1229-8.

Elwany S, Medanni A, Eid M, Aly A, EI-Daly A, Ammar SR (2010) Radiologi-
cal observations on the olfactory fossa and ethmoid roof. J Laryngol Otol.
124(12):1251-1256. https://doi.org/10.1017/5S0022215110001313.

Souza SA, Idagawa M, Wolosker AMB, Ajzen SA, De Souza MMA (2008)
Computed tomography assessment of the ethmoid roof: a relevant
region at risk in endoscopic sinus surgery. Radiol Bras. 41(3):143-147.
https://doi.org/10.1590/50100-39842008000300003.

Som PM, Park EE, Naidich TP, Lawson W (2009) Crista galli pneumatiza-
tion is an extension of the adjacent frontal sinuses. Am J Neuroradiol.
30(1):31-33. https//doi.org/10.3174/ajnr.A1291.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s12070-011-0119-8
https://doi.org/10.1007/s12070-011-0119-8
https://doi.org/10.1385/CRIAI:30:3:217
https://doi.org/10.1385/CRIAI:30:3:217
https://doi.org/10.18203/issn.2454-5929.ijohns20174663
https://doi.org/10.1017/S0022215100126325
https://doi.org/10.1097/MOO.0b013e3282fdccad
https://doi.org/10.1097/MOO.0b013e3282fdccad
https://doi.org/10.1097/MOO.0b013e3282fdc3b2
https://doi.org/10.1055/s-0033-1337908
https://doi.org/10.2147/OPTH.S40061
https://doi.org/10.1007/s00276-013-1106-4
https://doi.org/10.1007/s00276-013-1106-4
https://doi.org/10.1002/alr.20101
https://doi.org/10.1002/alr.20101
https://europepmc.org/article/med/8374351
https://doi.org/10.2214/ajr.144.3.493
https://doi.org/10.4103/ijri.IJRI_119_18
https://doi.org/10.4103/ijri.IJRI_119_18
https://doi.org/10.1016/j.ejrnm.2015.07.013
https://doi.org/10.18203/issn.2454-5929.ijohns20185106
https://doi.org/10.18203/issn.2454-5929.ijohns20185106
https://doi.org/10.1177/2058460118776487
https://doi.org/10.18203/issn.2454-5929.ijohns20151134
https://doi.org/10.18203/issn.2454-5929.ijohns20151134
https://doi.org/10.1097/00005537-200105000-00027
https://doi.org/10.5152/eajm.2013.23
https://doi.org/10.1007/s12070-017-1229-8
https://doi.org/10.1007/s12070-017-1229-8
https://doi.org/10.1017/S0022215110001313
https://doi.org/10.1590/S0100-39842008000300003
https://doi.org/10.3174/ajnr.A1291

	Assessment of ethmoid roof and olfactory fossa variations using Keros classification in a tertiary care hospital
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Aim

	Methods
	Availability of data and materials

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


