
INTRODUCTION:
Currently, functional endoscopic sinus surgery (FESS)
is extensively used for the treatment of chronic rhino-
sinusitis which is resistant to medical treatment. It is
also used in the treatment of many conditions such as
mucocele, nasal polyposis, sellar and parasellar tumors,
and optic nerve decompression1. Due to close proximity
of sinuses to important structures such as orbits and
brain, surgeons should have sound knowledge of
sinonasal anatomy and associated variations. Therefore,
a thorough knowledge of constant anatomical landmarks

and their variations along with a preoperative CT
evaluation is important for surgeons to securely traverse
through paranasal sinus (PNS) region with minimal risk
to patients2. Computed tomography (CT) scan has been
considered the gold standard in the preoperative
evaluation of PNS3. 
Although it is extensively performed, FESS is not
devoid of complications. Some of the major
complications include ocular/orbital injury, leakage of
cerebrospinal fluid and intracranial injury4, most of these
complications are due to close proximity of ethmoidal
cells with anterior cranial fossa. The ethmoid roof
separates the ethmoidal cells from the anterior cranial
fossa. It is formed by the fovea ethmoidalis (FE) of the
frontal bone laterally and the cribriform plate (CP) of
the ethmoid bone medially5-7. Ethmoid roof is critically
important because it is most vulnerable to iatrogenic
cerebrospinal fluid leaks. During FESS, injury can occur
on the side where the position of the roof is relatively
low1,8,9. Olfactory fossa is an interstice between the CP
and the FE. CP is generally at a lower level than FE.
The FE connects medially with lateral lamina of
cribriform plate (LLCP). This lateral lamella (LL) is
thinnest & most vulnerable in terms of complications
during FESS. Also the anterior ethmoidal artery enters
the olfactory fossa through LLCP. High variability exists
in the relationship of anterior ethmoidal artery to the
roof of the ethmoid and is at risk during FESS10,11.
Depth of the olfactory fossa is determined by the
height of the LLCP, which is part of the ethmoid bone.
In 1962, Keros proposed a classification12, which was
based upon CP position in relation to the roof of ethmoid.
This classification has a significant clinical relevance
in FESS. As per this classification, type I ranges from
1�3mm. In this type, the LL is short and a significant
portion of frontal bone is protecting the ethmoid roof
thus, making the roof thick and the sinus less dangerous
to operate within. Type II ranges from 4�7mm, so the
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ABSTRACT:

Objective: To evaluate the olfactory fossa depth and to categorize it according to Keros classification.
Methodology: It was a cross sectional study done on 270 adults , 160 males and 110 females  at Ziauddin University Hospital,
Clifton, Karachi using CT Para nasal sinuses. The depth of olfactory fossa was evaluated by measuring the height of lateral
lamina of cribriform plate.
Results: The mean and standard deviation(SD) of right olfactory fossa depth was greater than that of left 6.184±1.8237mm
and 5.949 ±1.8003mm (p value 0.006) respectively. Mean ± (SD) for left olfactory fossa depth was greater in females
(6.215±1.9271) than in males (5.766±1.6896) (p value 0.043).
 Keros type II was found to be the most frequent on both right and left sides that is, in 69.26% and 72.96% individuals respectively
followed by type III on right side in 18.15% and on left side in 15.19% subjects. Type I was found to be the least frequent in
our population with a value of 12.59% on the right side and 11.85% on the left side.
Conclusion: Our study shows that most of the population falls in the high risk categories of Keros that is type II and type III
thus emphasizing the need of preoperative radiological assessment.
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ethmoid roof is formed by a considerable portion of the
LL. And lastly type III has a range of 8�16mm. The LL
becomes thin forming a larger component of the ethmoid
roof, which is not protected by the thick frontal bone.
Keros type III is therefore considered to be the most
vulnerable type and has a considerable risk for iatrogenic
trauma to CP. Proper knowledge of anatomical variations
of ethmoid bone has been proved to be helpful in avoiding
complications that may occur during FESS. With this
background, present study was undertaken to assess
depth of olfactory fossa on CT.

METHODOLOGY:
This cross sectional study was undertaken at the
Radiology department of Ziauddin University hospital,
Clifton, Karachi . Duration of study was 5 months that
is January 2017 till May 2017after approval from ethics
review committee, with a sample size of 270 individuals.
Males and females between 21�60 years of age were
included. Patients with sinonasal tumors, chronic rhino-
sinusitis, prior sinus surgery, facial fracture, nasal
polyposis and congenital craniofacial anomaly were
excluded.
Study population comprised of adults coming for CT
head & brain who did not have bony abnormality of
sphenoid & ethmoid sinuses or adjacent structures. CT
scan was performed and depth of olfactory fossa was
assessed by measuring height of lateral lamella of
cribriform plate (LLCP) on 16 slice Toshiba Alexion in
which scanner�s X-ray beam was rotated around the
head and created a series of images from different angles.
Sequential axial images were obtained and processed
to form volume data. From volume data, multiplanar
reconstructions were made in axial, coronal and sagittal
planes. 3D volume rendered images in bone algorithm
were also constructed. All images were evaluated in
both coronal and axial planes. Analysis was performed
as per Keros classification to categorize the height of
lateral lamella of cribriform plate13. The coronal views
of CT films were analyzed in bony windows and the
results were reported in a data sheet.
Following standard anatomical landmarks were noted
and used for measuring LLCP:
� Infraorbital nerve point

� Medial ethmoid roof point (MERP) (which corresponds
to the medial end of the ethmoid roof that articulates
with the LLCP)
� Cribriform plate point1,13,14

Vertical height from MERP (MERPs height) and vertical
height from CP (CP height) to the horizontal plane
through infraorbital foramen was measured on each
slide (Figure-1).
The LLCP was calculated by subtracting CP height from
MERP height (MERP-CP = LLCP)18

Measurements between 1 and less than 4mm were
considered as type I Keros. Measurements more than
4mm and less than 8mm were considered as type II
Keros. Type III Keros subjects showed measurements
of 8mm and more. This was done to overcome the
limitations in original Keros classification as
measurements between 3 and 4mm as well as between
7 and 8mm were not described in Keros classification15.

Figure-1: Showing LLCP measurement in a coronal
paranasal sinus CT cross-section1

For statistical analysis, SPSS version 23 was used.
Means ± SD were calculated for quantitative variables
and compared using student t test for two groups.
Qualitative variables were described as frequency and
percentages, p-value less than 0.05 was taken as
significant.

RESULTS:

The mean and SD of olfactory fossa depth was found
to be significantly greater on right as compared to the
left side (Table-1)
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Table-1: Mean± Standard Deviation of Right and Left Olfactory Fossa Depth

Olfactory Fossa Depth                 N    Mean (mm)      Std. Deviation (mm)      P value

Right Olfactory Fossa Depth   270      6.184                 1.8237       0.006*

Left Olfactory Fossa Depth  270      5.949                 1.8003

*p  0.05 was considered significant

Olfactory fossa depth was also studied according to
gender. Mean and SD for right olfactory fossa depth in

females was insignificantly greater than that in males,
while the result was significant on the left side (Table-2).
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DISCUSSION:
CT examination of the olfactory fossa is essential for
pre-operative evaluation in FESS. Recent literature
suggests that a comprehensive pre-operative radiological
assessment is essential for determination of anatomic
variations of paranasal sinuses to avoid possible
complications16. Iatrogenic injuries have been linked to
varying olfactory fossa depth17. Kero�s classification is
an extensively applied approach to classify olfactory
fossa depth variations3,5,15.
In our study we analyzed both right and left olfactory
fossa of 270 adult males and females. The mean right
and left olfactory fossa depth of our sample was
comparable to that reported in some previous studies.
In a study14 from Pakistan in 2013, the mean depth of
right and left olfactory fossa was reported to be 5.5±2.13
and 5.2 ±2.05 mm respectively. This retrospective study
was done on a small sample size of 77 subjects and this
was one of the limitations of the study. A SD of ±2.13
mm further depicted a considerable variation in a small
sample size.
Our results were also in accordance with two studies
on Turkish population1,18 conducted in 2004 and 2013.
However, a study from Philippines3 and another from

Egypt15 have reported lower mean of right and left
olfactory fossa depth. It is evident from literature that
considerable variations in mean depths of olfactory fossa
exist among different populations ranging from as low
as 2.21 mm in Filipinos3 to as high as 8.7 in Nigerians19.
This may be attributed to the genetic variations in
different populations.
On comparing the mean depths on both sides in our
sample, we found a greater mean depth on the right side
than on the left side, which was statistically significant.
Kaplanoglu et al documented significantly greater depth
on the left side as compared to the right1. In another
retrospective study from India on 100 CT scans, a greater
statistically significant mean for the left side was reported
as compared to the right20. However, Shama and
Montaser reported an insignificant difference between
the two sides15. 
In the present study, the difference between the mean
depths of males and females of left side was statistically
significant. However, a study from India reported an
insignificant depth difference between males and
females20. This may be attributed to a smaller sample
size in their study. Therefore, further studies on a larger
sample size are required to elucidate the difference

Table-2: Mean and Standard Deviation of Right and Left Olfactory
Fossa Depth According to Gender

Olfactory Fossa Depth

Right Olfactory Fossa

Left Olfactory Fossa

Male
Female
Male

Female

GENDER

160
110
160
110

N
6.016
6.427
5.766
6.215

Mean(mm)

1.7804
1.8664
1.6896
1.9271

Std. Deviation P value

0.069

0.043*

*p = 0.05 was considered significant

In the present study, the population was categorized
according to Keros classification. Keros type II was
found to be most frequent on both sides followed by

type III. Type I was found to be the least frequent
(Figure-2).

Figure-2: Frequency of subjects according to Keros classification on right and left side
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between the gender.
Keros type I, II and III was found in 12.59%, 69.26%,
and 18.15% subjects on the right and 11.85%, 72.96%,
15.19% subjects on the left. A review of previous
literature on ethmoidal roof  variation  reported  higher
frequencies of type II1,5,12,18,21-23.  Adeel et al from Pakistan
and Rathnakar et al from India also reported highest
frequency of type II Keros in their samples which was
in accordance with our results14,20. Our sample showed
the least frequency of Type I Keros. However, a few
studies had reported more frequency of type I3,15,24-26.
Literature reported that individuals falling in this low
depth range were least vulnerable to iatrogenic injuries15.
The present study showed that most of the study subjects
were present in the high risk categories of Keros. The
frequency of Keros type III was reported to be the least
in most studies1,3,5,12,24-26. In addition to racial variations,
this variation could also be due to the fact that Keros
classification is ambiguous in the ranges of 3-4mm and
7-8mm. Standardization of Keros classification and
consideration of race in its calculation is recommended.

CONCLUSION:
It is concluded that most of the studied population
was present in the high risk categories of Keros, that is
type II and type III thus emphasizing the need of
preoperative radiological assessment.
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