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SUMMARY 
 

The olfactory fossa (OF) is a depression in the 
anterior cranial cavity whose floor is formed by the 
cribriform plate of ethmoid, bounded laterally by 
the lateral lamella of cribriform plate and medially 
by crista galli. Keros categorized the olfactory fos-
sa depth into 3 types. For a successful endoscopic 
sinus surgery, the surgeons should pay attention 
to the details when dealing with the complex anat-
omy of the paranasal sinuses (PNS) and skull 
base. The aim of this study was to describe the 
distribution of Keros classification of the height of 
ethmoid roof among Saudi population by using 
multidetector computed tomography (MDCT). This 
was a retrospective study conducted on 511 pa-
tients (360 males and 151 female) referred for 
MDCT assessment of PNS over a two-year period. 
The mean age of our patients was 34.47± 10.69 
years, aged between 18 and 79 years. Patients 
with nasal trauma, surgeries or any pathological 
diseases affecting the ethmoid roof were excluded 
from the study. Keros type II was the commonest 
presentation observed in 53.2% of cases, followed 
by type I in 12.5%, then type III in 11.7% of cases. 
Out of the 511 patients analyzed, 115 (22.5%) cas-

es had asymmetry (different types of OF) on both 
sides. Conclusion: The majority of studied Saudi 
adult population showed Keros type II (53.3%), 
followed by type I (12.5%). Keros type III was seen 
in 11.7% among the studied population. 

 
Key words: Multidetector computed tomography – 
Endoscopic sinus surgery – Olfactory fossa – Ker-
os classification 

 
Abbreviations: 

ESS, endoscopic sinus surgery 
CT, computed tomography scan 
OF, olfactory fossa 
CREB, cribriform plate of ethmoid bone 
LLCP, lateral lamella of cribriform plate 
FE, Fovea ethmoidalis 
MDCT, Multidetector Computed tomography 
AEA, Anterior ethmoidal artery 
 
 

INTRODUCTION 
 

In the late 1980s, the endoscopic sinus surgery 
(ESS) was introduced as a new and best method 
for diagnosis and treatment of chronic rhinosinusi-
tis through the open sinus surgery (Koele et al., 
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2002). The most known complications encoun-
tered during sinus surgeries are skull base entry, 
orbital and ocular injuries (McMains, 2008). The 
meticulous knowledge of the anatomy and ana-
tomic variations, together with a preoperative com-
puted tomography (CT) assessment, help us to 
pass safely through the paranasal sinus region in 
order to minimize the risk for the patient 
(Stankiewicz and Chow, 2004). 

The ethmoid bone is one of the most complex 
structures of the base of the skull. The olfactory 
fossa (OF) is a small depression in the anterior 
cranial fossa, whose base is formed by the cribri-
form plate of the ethmoid bone (CPEB). This thin, 
perforated bone isolates the nasal cavity from the 
anterior cranial fossa. The lateral boundary of OF 
is formed by the lateral lamella of the cribriform 
plate (LLCP) and its medial is formed by crista galli 
(Jacob and Kaul, 2014). Olfactory bulbs and tracts 
are lodged in the fossa (Vaid and Vaid, 2015) (Fig. 
1). 

Fovea ethmoidalis (FE) is a part of the frontal 
bone, which shares as a part of the roof of the eth-
moid bony labyrinth. It is the barrier between the 
ethmoidal air cells from the anterior cranial fossa. 
FE joins medially with LLCP, which is the thinnest 
bone in the anterior skull base and forms the lat-
eral wall of the olfactory fossa (Arun et al., 2017; 
Stammberger and Kennedy, 1995). The angle at 
the junction between FE and LLCP determines the 
shape of the FE, as it may be straight or in the 
form of a broken wing if the angle increased 
(Terrier et al., 1995) (Fig. 1). 

Anatomic variations in LLCP and asymmetry of 
FE or OF are considered as risk factors during 
functional ESS as they may lead to various inju-
ries. Hence, preoperative assessment by CT is 
now compulsory before the functional ESS 

(Cashman et al., 2011). 
In 1962, Keros examined 450 skulls to study the 

relation between the OF and the ethmoid roof/FE. 
The depth of OF is measured by the vertical height 
of the LLCP, the difference between the height of 
the cribriform plate and ethmoid roof. He classified 
the depth of the OF into 3 categories: Keros I 
(26.3% of population), the depth is 1-3 mm, with 
short lateral lamella, and the ethmoid roof is al-
most in the same horizontal plane as the cribriform 
plate of ethmoid. In Keros II (73.3% of population), 
the depth is from 4 to 7, with longer lateral lamella. 
In Keros III (0.5% of population), the depth is 8–16 
mm, and the ethmoid roof lies essentially higher 
than the cribriform plate (Som et al., 2011; Reddy 
and Dev, 2012; Keros, 1962).  This study did not 
describe the measurements between 3 and 4 mm 
as well as between 7 and 8 mm. 

Based on Keros classification, if the height of 
LLCP is increased, the risk of its iatrogenic dam-
age is presumably increased. The thin LLCP is 
vulnerable to possible injury during surgery, trau-
ma or tumor erosion in Keros type III (Ulualp, 
2008) 

The depth of the OF varies among various racial 
populations had been studied by many researches 
(Bista et al., 2010; Elwany et al., 2010; Solares et 
al., 2008), however no previous data considering 
this point of research was reported among Saudi 
population. Our study aimed to use coronal para-
nasal sinus CT scan imaging to measure the varia-
tions of the height of OF among Saudi adults. The 
study concentrated on measuring the height of the 
LLCP according to Keros classification. 

 
MATERIALS AND METHODS 
 
Study design 

A morphometric, retrospective blinded study con-
sisting of 511 subjects underwent multidetector 
computed tomography (MDCT) imaging of the 
nose and paranasal sinuses with a Phillips 64-slice 
CT machine (kVp (kilo voltage peak)=100, MAs 
(Milli-Ampere seconds)=200, rotation time=0.4 
second, FOV (field of view)=240 mm, slice thick-
ness=1 mm, reconstruction interval=0.3 mm, 
pitch=0.399; Philips, Australia) at Radio-diagnostic 
Department at Al-Jedaani Group Hospital in Jed-
dah, KSA. The study was conducted in the period 
between February 2017 and July 2019. Informed 
consent was obtained from all subjects, and ethical 
approval for this study was obtained from the Local 
Institutional Human Ethics Committee (IHEC# H-
28-30042017). 

360 (70.5%) males and 151 (29.5%) females 
were investigated. All subjects were Saudi adults 
aged between 18 to 79 years, who presented to 
the outpatient clinic with chronic symptoms at-
tributed to the PNS and referred for MDCT. Sub-
jects less than 18 years old, those with facial con-
genital anomalies, trauma or with pathology involv-

Fig 1. Coronal CT image showing; The different ana-
tomical structures of the ethmoid roof; crista galli (CG), 
olfactory fossa (OF), fovea ethmoidalis (FE), lateral la-
mella of the cribriform plate (LLCP), perpendicular plate 
of ethmoid bone (PPEB), cribriform plate of ethmoid 
bone (CREB). 
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ing the ethmoidal roof including both olfactory fos-
sae were excluded from this study.  

 
Measurements 

We utilized picture archiving and communication 
system (PACS) to assess the variations in the 
depth of OF, and then classify them based on Ker-
os classification. Only coronal sections were ex-
amined in this study and the images were ana-
lyzed in the bone window and were interpreted by 
the same observer. The following anatomical land-
marks were recognized and utilized for measure-
ments. 

1. FE (The medial ethmoidal roof point) 
2. Cribriform plate of ethmoid bone 
3. LLCP 
Two horizontal lines were drawn; one at the level 

of FE point and the other at the level of the cribri-
form plate. The vertical height of LLCP was meas-
ured between these two horizontal lines using a 
single caliper with the smallest unit of measure-
ment at 0.5mm. The meticulous depth of OF was 
determined according to modified Keros classifica-
tion; measuring the vertical height of lateral lamella 
and was classified as follows: Keros I: OF is 1 to 
3.99 mm deep, Keros II: OF is 4 to 7.99 mm deep, 
Keros III: OF is 8 to 16 mm deep.  

 
Statistical analysis 

The analysis was performed using a software 

program (Statistical Package for Social Sciences 
SPSS version 20.0). All values were expressed as 
means ± standard deviation (SD). Categorical vari-
ables were presented in number and percentage 
(%). Qualitative variables were correlated using 
Chi-Square test. Significance of the data was de-
termined by P values, where a P value ≤ 0.05 was 
considered to be significant.  

 
RESULTS 
 

MDCT scans of the 511 adult patients were in-
cluded in this study. There were 360 (70.5%) 
males and 151 (29.5%) females. The ages of the 
patients ranged between 18 and 79 years with a 
mean of 34.47± 10.69 years. 

In the present study both the right and left lateral 
lamellae in the CT scan were measured and coded 
separately. The measurements of the lateral lamel-
la were simultaneously obtained using the distance
-measuring tool (a single caliper with smallest unit 
of measurement at 0.5mm). 

According to Keros classification, the OF of all 
subjects were distributed in such a way that type II 
was the commonest presentation observed in 
53.2% of cases (Fig. 3), followed by type I in 
12.5% of cases (Fig. 2) then type III in 11.7% of 
cases (Fig. 4) (Table 1). 

As for gender, and based on Keros classification, 
the OF were compared between males and fe-

Fig 2. Coronal CT image showing bilateral Keros Type I 
olfactory fossae. 

Fig 3. Coronal CT image showing bilateral Keros Type II 
olfactory fossae. 

X2 
(P) 

Total 
    n (%) 

Asymmetry 
    n (%) 

Type III 
    n (%) 

Type II 
 n (%) 

Type I 
 n (%) 

Gender 

1.326 
(p = 0.7) 

360 (70.5) 85 (23.6) 43 (11.9) 186 (51.7) 46 (12.8) Male 

151 (29.5) 30 (19.9) 17 (11.3) 86 (57) 18 (11.9) Female 

511 (100) 115 (22.5) 60 (11.7) 272 (53.3) 64 (12.5) Total 

Table 1. Distribution of 511 olfactory fossae based on Keros classification according to gender 

n – number of the studied subjects; (%) – Percent; X2 – chi square; P – probability value 
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males. The most common type of the OF was 
Type II, which was observed in higher frequency in 
females than in males; followed by Type I, which 
was slightly more common in males than females; 
and then type III, with approximately the same 
prevalence in males and females. The previous 
results were statistically insignificant difference 
between both sexes (Table 1). 

Regarding asymmetry, the incidence of different 
types of OF in the right and left sides was 22.5% of 

cases. The prevalence was more common in 
males than females, with statistically insignificant 
difference between both sexes (Figs. 5,6) (Table 
1). 

When the right- and left-sided OF were com-
pared out of 1022 sides, the most common type of 
OF in both sides was Type II, which was observed 
with almost similar prevalence (64.4 % in the right 
side versus 64.2% in the left one). Type I had a 
higher frequency in the left side as compared to 
the right (19.8% versus 16.6%), whereas Type III 
was more common in the right side (19.0%) if com-
pared to the left one (16.1%). These results indi-
cate a statistically insignificant difference in the 
distribution of Keros type between both sides (p > 
0.05) (Table 2). 

Comparing of OF regarding both sides and sex, 
and based on Keros classification, showed that: 
OF Keros type I was found among 16.7% of cases, 
type II among 64.7% and type III among 18.6% of 
cases on the right side among males. Type I was 
found among 16.6%, type II among 63.6% and 
type III among 19.9% on the right side in females. 
No statistically significant difference was found 
between males and females (Table 3). On the oth-
er hand, OF was Keros type I in 20.8%, type II in 
61.9% andtype III in 17.2% males on the left side. 
Similarly, among females on the left side, OF was 
Keros type I in 17.2%, type II in 69.5% and type III 
in 13.3%. There is no significant association be-

Fig 4. Coronal CT image showing bilateral Keros Type 
III olfactory fossae. 

Fig 5. Coronal CT image showing asymmetry in configu-
ration of both olfactory fossa; type II on right and type I 
on left side.  

Side 
Type I 
n (%) 

Type II 
n (%) 

Type III 
n (%) 

X2 
(P) 

Right 85 (16.6) 329 (64.4) 97 (19.0) 
2.63 

(p = 0.2) 
  

Left 101 (19.8) 328 (64.2) 82 (16.1) 

Total 186 (18.2) 657 (64.3) 179 (17.5) 

Table 2. Distribution of olfactory fossa based on Keros 
classification according to the side  

Fig 6. Coronal CT image showing asymmetry in configu-
ration of both olfactory fossa; type II on right and type III 
on left side.  

n – number of the studied subjects; (%) – Percent; X2 – chi square; P – 
probability value 

Side 
Type I 
n (%) 

Type II 
n (%) 

Type III 
n (%) 

X2 
(P) 

Male 60 (16.7) 233 (64.7) 67 (18.6) 
0.11 

(p = 0.9) 
  

Female 25 (16.6) 96 (63.6) 30 (19.9) 

Total 85 (16.6) 329 (64.4) 97 (19.0) 

Table 3. Distribution of right OF based on Keros Classifi-
cation according to gender  

OF – olfactory fossa; n – number of the studied subjects; (%) – Percent; 
X2 – chi square; P – probability value 
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tween sex and Keros type on both right and left 
sides (Table 4). 

 
DISCUSSION 
 

CT scan of the nose and paranasal sinus plays a 
key role in pre-operative evaluation of patients un-
dergoing ESS (Nair, 2012). The increase in de-
pendence on the endoscopy in sinus evaluation 
and surgery made it very important for the surgeon 
to gain an excellent knowledge about the meticu-
lous anatomy of the anterior skull base for each 
individual patient for pre- operative evaluation in 
order to avoid the possible complications that may 
occur during sinus surgery (Athamneh et al., 
2015).  

The present study observed Keros type II to be 
the commonest presentation, followed by type I 
and then type III. This is in agreement with the 
studies conducted by Nair (2012) among Indian 
population, Athamneh et al. (2015) among Jorda-
nian population, Pawar et al. (2018) among Indian 
population, Souza et al. (2008) among Brazilian 
population, Elwany et al. (2010) among Egyptian 
population and Kaplanoglu et al. (2013) among 
Turkish population; all of which observed that type 
II is the commonest presentation, followed by type 
I and type III (Table 5). However, Floreani et al. 
(2006) and Nitinavakarn et al. (2005) reported type 
II as the commonest presentation, followed by type 

III then type I (Table 5). 
In contrast with our results, the studies per-

formed by Paber et al. (2008) among Filipinos pop-
ulation, and Shama and Montaser (2015) among 
Egyptian population, demonstrated that the majori-
ty of studied subjects were classified as Keros type 
I, followed by type II and then type III (Table 5). 

Asymmetry of the anterior skull base, and in par-
ticular in the ethmoid roof, is an important finding 
to be checked in the CT scan analysis before ESS 
(Kizilkaya et al., 2006). In the present study, asym-
metry was found in 22.5% of our cases according 
to Keros classification. This matches closely with 
the results of Babu et al. (2018), who conducted a 
study among Indian population and reported that 
21.7% of the studied subjects had asymmetry. 
However, in the study conducted by Pawar et al. 
(2018) among Indian population, asymmetry was 
found only in 11.5% of patients. Solares et al. 
(2008) reported asymmetry of the ethmoid roof in 
all subjects in an American study, and attributed 
their findings to the use of computer-aided CT 
scan analysis, which allowed more precise meas-
urement.  

Regarding gender, our study showed that Keros 
type II was the most common type in both males 
and females, follow by type I and then type III. 
22.5% of the study group had asymmetry of the 
ethmoid roof (23.6% in males versus 19.9 % in 
females). However, the difference in between 
males and females was statistically insignificant (p 
> 0.05). In agreement with our study, Athamneh et 
al. (2015) conducted a study among Jordanian 
populations and found that type II was the most 
common type in both sexes, followed by type I and 
then type III. In contrast, Shama and Montaser 
(2015) conducted a study among Egyptian popula-
tions, and reported that type I was the most com-
mon type in females, while type II was the most 
common in male patients. Type III was the least 

Side 
Type I 
n (%) 

Type II 
n (%) 

Type III 
n (%) 

X2 
(P) 

Male 75 (20.8) 223 (61.9) 62 (17.2) 
2.71 

(p = 0.2) 
  

Female 26 (17.2) 105 (69.5) 20 (13.3) 

Total 101 (19.8) 328 (64.2) 82 (16.1) 

Table 4. Distribution of left OF based on Keros Classifi-
cation according to gender  

OF – olfactory fossa; n – number of the studied subjects; (%) – Percent; 
X2 – chi square; P – probability value 

Author Country n= )(% Keros I Keros II  (%) Keros III (%) Asymmetry (%) 

Original (Keros) Germany 450 26.3 73.3 0.5 73.3 0.5 -- 

Present study KSA 511 12.5 53.2 11.7 22.5 

Nair India 180 17.2 77.2 5.6 11.7 

Athamneh et al. Jordan 100 22.0 70.5 7.5 -- 

Pawar et al. India 200 18.5 74.5 7.0 11.5 

Souza et al. Brazil 200 26.2 73.3 0.5 12.0 

Elwany et al. Egypt 300 42.5 56.8 0.6 -- 

Kaplanoglu et al. Turkey 500 13.4 76.1 10.5 -- 

Floreani et al. Cadaveric 22 23.0 50.0 27.0 -- 

Nitinavakarn et al. Thailand 88 11.9 68.8 19.3 -- 

Paber et al. Philippine 109 81.8 17.7 0.5 -- 

Shama and Montaser Egypt 100 56.5 40.5 3.0 -- 

n – number of the studied subjects; (%) – Percent 

Table 5. Keros classification among different studies  
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common type in both sexes (Table 6). Paber et al. 
(2008) conducted a study among Filipino patients, 
and found that type I was the most common type 
in both sexes, followed by type II. Only one male 
was classified as Keros III, and no females were 
found in this type. The distribution of Keros classifi-
cation between males and females was significant-
ly different (p =0.01) (Table 6). 

In our work, asymmetric cases were more com-
mon in males than in females (23.6% versus 19.9 
%). This is in agreement with findings of a study 
reported by Reiß and Reiß (2011), in which there 
were more asymmetric cases in males than fe-
males (38% versus 29%) and the difference was 
statistically significant. Moreover, Elwany et al. 
(2010) reported that asymmetric cases in males 
are more frequent than in females (11% versus 
2%).  

Regarding laterality, and out of 511 patients 
(1022 sides), the most common type in both sides 
is type II; type I is more common in the left side, 
while type III is more common in the right side. 
Athamneh et al. (2015), Pawar et al. (2018) and 
Kaplanoglu et al. (2013) reported that the most 
common type in both sides is type II; type I is more 
common in the right side, while type III is more 
common in the left side (Table 7). Paber et al. 
(2008) investigated the Filipino patients and 
showed that the most common type in both sides 
was type I, followed by type II. Only (0.9%) was 
Keros III for the left lateral lamella, but was absent 
for the right (Table 7). Elwany et al. (2010) found 
that the most common type in both sides is type II; 
type I is more common in the left side, while type 
III is equal in both sides (Table 7).  

In the present study, there was a statistically in-

significant difference in the Keros classification of 
the right and left lateral lamellae. In contrast, the 
study performed by Jacob et al. (2014) in cadaver-
ic skulls of Indian population showed a statistically 
significant difference in the distribution of Keros 
types between the right and left sides. Zacharek et 
al. (2005) and Lebowitz et al. (2001) had demon-
strated in their studies that the ethmoid roof is sig-
nificantly lower in the right side as compared to the 
left one. Reiß and Reiß (2011) conducted a study 
among 644 German patients, and found that 221 
(31%) of cases had asymmetry between the height 
of the ethmoid roof on the right and left sides. Of 
these 221, 160 (72.4%) were lower on the right 
side, whereas 61 (27.6%) were lower on the left. 

Gera et al. (2018) measured the angle between 
LLCP and the continuation of a horizontal plane 
passing through the cribriform plate and suggested 
a new classification, (Gera classification), based 
on the measured angle and on the presumptive 
risk of iatrogenic injuries. Class I (the angle >80° 
with low risk), class II (the angle is from 45° to 80° 
with medium risk) and class III (the angle <45° with 
high risk). Preti et al. (2018) reported that Gera 
classification might be more sensitive and specific 
in detecting a potential LLCP damage, which may 
lead to cerebrospinal fluid leak during ESS, togeth-
er with the Keros classification, are beneficial in 
the preoperative CT scan assessment.  

Recently, Abdullah et al. (2019) proposed that 
the anterior ethmoidal artery (AEA) may be injured 
during ESS due to its proximity at the skull base. 
More caution should be taken in the existence of a 
long LLCP because AEA will run freely below the 
base of the skull. 

These wide ranges of variations in all previous 

Author Country n= 
Keros I (%) Keros II (%) Keros III (%) 

M F M F M F 

Present study KSA 511 12.8 11.9 51.7 57.0 11.9 11.3 

Athamneh et al. Jordan 100 20.0 25.0 70.0 70.0 9.2 5.0 

Shama and Montaser Egypt 100 47.0 66.0 48.0 33.0 5.0 1.0 

Paber et al. Philippine 109 74.5 87.0 24.5 12.1 1.0 0 

Table 6. Keros classification according to gender among different studies  

n – number of the studied subjects; (%) – Percent; M – Males; F – females 

Author Country n= 
Keros I (%) Keros II (%) Keros III (%) 

Right Left Right Left Right Left 

Present study KSA 511 16.6 19.8 64.4 64.2 19.0 16.01 

Athamneh et al. Jordan 100 23.0 21.0 70.0 70.0 6.0 9.0 

Pawar et al. India 200 22.0 15.0 72.0 77.0 6.0 8.0 

Kaplanoglu et al. Turkey 500 13.6 13.2 76.2 76.2 10.2 10.8 

Paber et al. Philippine 109 79.8 83.5 20.2 15.6 0 0.9 

Elwany et al. Egypt 300 41.3 43.7 58.0 55.7 0.6 0.6 

Table 7. Keros classification according to side among different studies  

n – number of the studied subjects; (%) – Percent 
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measurements regarding the asymmetry, gender 
or laterality among various populations may be 
attributed to genetic or ethnic causes. Moreover, 
the number of studied subjects, method of meas-
urements and even the standardization of Keros 
classifications may play a major role in these varia-
tions. 

 
Conclusion: The present study demonstrated 

that the majority of Saudi population showed Keros 
type II (53.2%), followed by type I (12.5%) and 
then type III (11.7%). Comprehension of these var-
iations after CT scan imaging are crucial before 
ESS and for ENT surgeons in the operation thea-
ter to avoid critical expected complications. 
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