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Abstract Fovea ethmoidalis and lateral lamella of the cribriform plate of ethmoid bone (LLCP)

are the most vulnerable parts of the skull base for iatrogenic complication during functional

endoscopic sinus surgery. Keros classified the depth of the olfactory fossa into 3 types.

According to Keros, the greater the height of LLCP, the higher the risk of its iatrogenic injury.

The aim of this study was to evaluate variations of the height of ethmoid roof among Egyptian

adults using MDCT. Patients and methods: This study was conducted on 100 Egyptian adult

patients referred for MDCT evaluation of PNS. Patients with any pathology involving the ethmoid

roof were excluded from the study. MDCT machines were used for evaluation of all patients.

Results: The mean age of our patients was 38.34 ± 12.79 years. The right lateral lamella height

ranges from 0.50 to 10.0 mm, while the left lateral lamella height ranges from 0.80 to 9.40 mm.

Keros type I was seen in 56.5%, type II in 40.5% and type III in 3%. Conclusion: The majority

of studied Egyptian adult population showed Keros type I (56.5%) followed by type II (40.5%).

Keros type III is seen in only 3% of studied adult Egyptian population.
� 2015 The Authors. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting

by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

The ethmoid cross is a key bony structure incorporated within

the anterior skull base. It is formed by horizontal limb
represented by the cribriform plate that forms the ethmoid
roof separating the nasal recess of the nasal cavity below from

the olfactory fossa above. The olfactory fossa is the most
infro-medial portion of the anterior cranial fossa harboring
the precious olfactory nerve and bulb. The longitudinal limb
is formed by the crista galli above the horizontal limb and

the perpendicular plate below it.
The fovea ethmoidalis (FE) is a part of the frontal bone

that shares in the formation of the roof of the ethmoid bony

labyrinth. It separates the ethmoidal air cells from the anterior
cranial fossa. FE also medially articulates with the lateral
lamella of the cribriform plate (LLCP). The shape of the

contour of the fovea is determined by the angle at which the
FE joins LLCP. FE may be straight or in the shape of a broken
wing if the joint angle increases (1) (Fig. 1).

The LLCP is the thinnest bone of the entire skull base (2,3).
FE and LLCP are the most vulnerable parts of the skull base
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Fig. 1 The different anatomical structures of the ethmoid roof. CG crista galli, OF olfactory fossa, FE fovea ethmoidalis, LLCP lateral

lamella of the cribriform plate, PPEB perpendicular plate of ethmoid bone, VPMT vertical plate of middle turbinate, OR olfactory recess.
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for iatrogenic complication during functional endoscopic sinus
surgery FESS (4,5).

In 1962, Keros (6) described differences in the horizontal

level of the cribriform plate of the ethmoid bone. In his article
written in German, he described three possible different levels
and accordingly, he classified the depth of the olfactory fossa

into 3 types. Since that time, this was known as Keros
classification.

Keros classification depends on the length of the lateral
lamella of the cribriform plate. This thin (mainly vertical) plate

of bone is connecting the lateral boundary of the cribriform
plate to the fovea ethmoidalis. The latter bony structure
represents the bony roof of the ethmoid air cells (the ethmoid

labyrinth) and actually is the most medial aspect of the orbital
plate of the frontal bone forming the orbital roof.

In the original description by Keros (6): Keros I (26.3% of

population), the olfactory fossa is 1–3 mm deep, the lateral
lamella is short, and the ethmoid roof is almost in the same
plane as the cribriform plate. In Keros II (73.3% of popula-

tion), the olfactory fossa is from 4 to 7 mm deep, and the lateral
lamella is longer. In Keros III (0.5% of population), the
olfactory fossa is 8–16 mm deep, and the ethmoid roof lies
significantly above the cribriform plate. Measurements between
3 and 4 mm as well as between 7 and 8 mm were not described.

According to Keros, the greater the height of LLCP, the

higher the risk of its iatrogenic injury (7). Keros type III essen-
tially exposes the thin LLCP to potential damage from trauma,
surgery as well as tumor erosion, CSF erosion.

2. Aim of the work

The aim of this study was to evaluate variations of the height

of ethmoid roof among Egyptian adults using MDCT. The
study focused on the height of the lateral lamella of the cribri-
form plate (LLCP) and classified the measurements according

to Keros classification.

3. Patients and methods

3.1. Inclusion criteria

This study was conducted on 100 Egyptian adult patients

referred for MDCT evaluation of the para-nasal sinuses either
for inflammatory or neoplastic process. Fifty patients (50%)
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were males and 50 patients (50%) were females. All patients
were adults exceeding 18 years old. The study was accepted
from and performed in full accordance with regulations issued

by the local ethics committee.

3.2. Exclusion criteria

Patients under 18 years old, those with facial anomalies and
patients with any pathology involving the region of the eth-
moid roof including both olfactory fossa and olfactory recess

were excluded from the study.
To overcome the racial and ethnic problem and its effect on

the skull configurations, we confined our work to the adult

Egyptian population as the source of our patients in the every-
day practice.

Eight slices multi-detector CT machine (Bright speed S,
GE, USA) was used in assessment of all patients. Before imag-

ing, the patient was informed about the investigation and
instructed not to move during scanning. The patients were in
supine position. The head was strapped to the head rest and

positioned as symmetrically as possible. A lateral scout view
was taken and used for planning the axial images. Axial images
were taken without any angulations (Tilt 0). The protocol was
Fig. 2 Lines A, B and C used for measurements are demonstrated. Th

Both are of type I. Both LLCP showed mild asymmetry with differe

oriented. The left side of the cribriform plate of ethmoid bone is relat
120 mA, 120 kV, 1.2 mm slice thickness, large field of view
(FOV) and 1.35 pitch.

All images were prospectively reconstructed at 0.625 mm,

using soft tissue and high-resolution bone filter (70s sharp).
The reconstructed axial images were transferred to
Advantage 4.4 GE, USA workstation for manipulation of

data. Then multi-planar reformation (MPR) was generated
in different planes.

Direct coronal scan showing the maximum depth of the

olfactory fossa was obtained. Line A was drawn as direct

horizontal line connecting the most superior bony boundaries

of the inferior orbital foramina on both sides. Line B was

drawn as a direct vertical line connecting line A and to the site

of communication of fovea ethmoidalis (the most medial

aspect of the orbital plate of the frontal bone forming the orbi-

tal roof) and the lateral lamella of the cribriform plate of the

ethmoid bone (LLCP). Line C was drawn as a direct vertical

line connecting line A to the most lateral bony boundary of

the cribriform plate of the ethmoid bone at its communication

with the lateral lamella. Line B was representing the medial

ethmoid roof height while line C was representing cribriform

plate height (Fig. 2).
e right h= 18.5–15.5 = 3 mm. The left h= 18.7–16.1 = 2.6 mm.

nt degrees of vertical angulation. The left LLCP is less vertically

ively in a higher position compared to the right side.



Fig. 3 Bilateral Keros Type II olfactory fossae. Note the slight asymmetrical height in depth as well as the slight asymmetrical height of

the cribriform plate of ethmoid bone by comparing the lengths of line C on both sides. The left side is higher by 19.7–18.6 = 1.1 mm.
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The height of the ethmoid roof (h) was considered as depth
of the olfactory fossa. ‘‘h’’ was calculated as the result of
subtraction of length of line C ‘‘c’’ from the length of line B

‘‘b’’ in millimeters (h = b � c). ‘‘h’’ was representing the direct
vertical height of the lateral lamella of the cribriform plate of
the ethmoid bone (LLCP) that showed different degrees of

vertical angulation according to different modeling of the
anterior skull base.

Measurements between 0 and less than 4 mm were consid-
ered as type I Keros. Measurements more than 4 mm and less

than 8 mm were considered type II Keros. Type III Keros
patients showed measurements of 8 mm and more. In original
Keros classification measurements more than 3 and less than 4

as well as more than 7 and less than 8 mm are not described.
Current available MDCT software is capable of sub-
millimeter measuring (Figs. 2 and 3).

4. Statistical analysis

We used SPSS 17.0 for the statistical analysis. The collected

data were evaluated using the descriptive statistical methods
(the mean, standard deviation and median). Measurements
between the right and left sides were compared. The results
were categorized according to Keros classification, and their
distributions were analyzed according to gender. We calcu-

lated p value for Student t-test for comparing between the
means of right and left sides and p value for Paired t-test for
comparing between the means of paired right and left sides

as well as r: Pearson coefficient for correlation between right
and left sides. We also calculated p value for Monte Carlo test
for comparing between males and females regarding Keros
type. Statistical significance was p 6 0.05.

5. Results

MDCT scans of the 100 adult Egyptian patients were ana-

lyzed. Half of these cases (50 cases) were males and the other
half were females. The ages of the patients ranged between
18 and 74 years with a mean of 38.34 ± 12.79 years. The mean

age of males was 38.74 ± 11.60 years and the mean age of
females was 37.94 ± 13.93 years. The average direct vertical
height of LLCP (the average height of the ethmoid roof or ‘‘h’’)

was 4.92 ± 1.70 mm, and the median was 4.90 mm
(0.9–10.5). The average ‘‘h’’ was 4.87 ± 1.71 mm for the right



Table 3 Distribution and percentage values of the cribriform

plate lateral lamella depth in symmetry–asymmetry (low

ethmoid roof) groups.

Sex Total

Male Female

Right > Left with > 1 m 6 (12.0) 7 (14.0) 13 (13.0)

Left > Right with > 1 m 10 (20.0) 8 (16.0) 18 (18.0)

Total asymmetry (right or left) 16 (32.0) 15 (30.0) 31 (31.0)

Symmetry 34 (68.0) 35 (70.0) 69 (69.0)

Overall (symmetry + asymmetry) 50 (100.0) 50 (100.0) 100 (100.0)
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side and 4.91 ± 1.66 mm for the left side. The average differ-
ence between the right and left sided ‘‘h’’ was not statistically
significant (p = 0.785). The average ‘‘h’’ was found to be lower

on the right side (Table 1).
When the right and left sided ‘‘h’’ were compared for each

individual, asymmetry (a height difference between two sides

of more than 1 mm) was found in 31 cases (31%). A lower left
sided ethmoid roof (higher h value) was found in 18 cases
(18%), and a lower right sided ethmoid roof (higher h value)

was found in 13 cases (13%). The distribution of the differ-
ences between the right and left ‘‘h’’ according to gender is
presented in Tables 2 and 3.

Table 4 shows the distributions of patients according to

Keros classification, the lateral lamella of cribriform plate
(LLCP) height complies with Keros Type I in 113 (56.5%)
sides, Keros Type II in 81 (40.5%) sides, and Keros Type III

in 6 (3%) sides.
About two thirds (66%) of the olfactory fossa in females

were of Type I and nearly the other third (33%) were of type

II. In female patients, only one olfactory fossa was of type III.
On the other hands 5 olfactory fossae in males were of type III.
Type I and Type II represent 47 and 48 fossae in males respec-

tively. Type I was the commonest in females while type II was
Table 2 Relation between sex and height in right and left side.

Height

Right

Male (n = 50)

Median (Range) 3.95 (0.50–10.0)

Mean ± SD 4.12 ± 1.90

p p1 = 0.777, p2 = 0.423

r (p) 0.877* (<0.001)

Female (n = 50)

Median (Range) 3.20 (1.40–8.0)

Mean ± SD 3.61 ± 1.69

p p1 = 0.928, p2 = 0.844

r (p) 0.807* (<0.001)

Overall (n = 100)

Median (Range) 3.45 (0.50–10.0)

Mean ± SD 3.87 ± 1.81

p p1 = 0.785, p2 = 0.487

r (p) 0.849* (<0.001)

p1: p value for Student t-test for comparing between the means of right a

p2: p value for Paired t-test for comparing between the means of paired

r: Pearson coefficient for correlation between right and left.
* Statistically significant at p 6 0.05.

Table 1 Relation between sex and age.

Sex Overall (n= 100)

Male

(n= 50)

Female

(n= 50)

Age

Median

(Range)

38.0

(18.0–70.0)

36.0

(18.0–74.0)

37.50

(18.0–74.0)

Mean ± SD 38.74 ± 11.60 37.94 ± 13.93 38.34 ± 12.79
slightly common than type I in male patients. Type III was
encountered more commonly in males.

The mean LLCP height was 2.70 ± 0.78 mm in Keros Type

I cases, 5.21 ± 0.99 mm in Keros type II cases, and
8.77 ± 0.81 mm in Keros Type III cases. Table 5 shows the
tabulated results for both sides.
Overall

Left

(n = 50) (n= 100)

4.10 (1.30–4.90) 4.0 (0.50–10.0)

4.23 ± 1.83 38.74 ± 11.60

(n = 50) (n= 100)

3.30 (0.80–7.0) 3.20 (0.80–8.0)

3.64 ± 1.40 37.94 ± 13.93

(n = 100) (n= 200)

3.80 (0.80–9.40) 3.80 (0.50–10.0)

3.93 ± 1.65 38.34 ± 12.79

nd left.

right and left.

Table 4 Relation between Keros Type and sex.

Sex Overall

Male Female

Keros Type

Type I (1–3.9) 47 (47.0) 66 (66.0) 113 (56.5)

Type II (4–7.9) 48 (48.0) 33 (33.0) 81 (40.5)

Type III (8–12) 5 (5.0) 1 (1.0) 6 (3.0)

p 0.013*

p: p value for Monte Carlo test for comparing between males and

females regarding type.
* Statistically significant at p 6 0.05.



Table 5 Relation between Keros Type and height in right and

left side.

Keros Type

Type I Type II Type III

Right

Median (Range) 2.80

(0.50–3.90)

5.15

(4.0–7.90)

8.10 (8.0–10.0)

Mean ± SD 2.66 ± 0.79 5.36 ± 1.08 8.70 ± 1.13

Left

Median (Range) 2.75

(0.80–3.90)

4.90

(4.0–7.10)

8.90 (8.20–9.40)

Mean ± SD 2.75 ± 0.77 5.08 ± 0.88 8.83 ± 0.60

Overall

Median (Range) 2.80

(0.50–3.90)

5.10

(4.0–7.90)

8.55 (8.0–10.0)

Mean ± SD 2.70 ± 0.78 5.21 ± 0.99 8.77 ± 0.81

Fig. 4 Asymmetry in configuration of both olfactory fossa. On the

vertical than on the left side.
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6. Discussion

Both orbits, ethmoid air cells and nasal cavities are located
adjacent to each other (from lateral to medial) below the ante-

rior cranial fossa. The frontal and ethmoid bones are separat-
ing these anatomical regions from the cranial cavity. The
orbital plate of the frontal bone makes the roof of the orbit,

while the cribriform plate of ethmoid bone (lamina cribrosa)
makes the roof of the nasal cavity.

Both ethmoid and frontal bones share in the formation of
the roof of the ethmoid air cells. The lateral lamella of cribri-

form plate of the ethmoid bone (LLCP) or the lamina lateralis
extends laterally showing different degrees of vertical angula-
tions among different individuals and among both sides in

the same individual. This will be determined by the shape
and modeling of the anterior skull base and expected to have
a high degree of variability among population.

LLCP articulates laterally with the most medial aspect of
the orbital plate of the frontal bone that is called fovea
ride, the fossa is broader and slightly deeper. The LLCP is less



Table 6 Keros classification among different studies.

Author Country Keros I

(%)

Keros II

(%)

Keros III

(%)

Original Keros (6) Germany 26.3 73.3 0.5

This study Egypt 56.5 40.5 3.0

Elwany et al. (10) Egypt 42.5 56.8 0.7

Kaplanoglu et al.

(8)

Turkey 13.4 76.1 10.5

S�ahin et al. (15) Turkey 10.0 61.0 29.0

Erdem et al. (16) Turkey 8.1 59.6 32.3

Solares et al. (5) USA 83.0 15.0 2.0

Souza et al. (2) Brazil 26.3 73.3 0.5

Paber et al. (4) Philippine 81.8 17.7 0.5

Bista et al. (17) Nepal 86.0 12.0 2.0
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ethmoidalis (FE). Both LLCP and FE are forming the bony
roof of the ethmoid air cells.

The FE as part of the frontal bone is dense and thick. It

forms the strong lateral side of bony roof of the ethmoid air
cells. The LLCP as part of ethmoid bone is thin. It is the thin-
nest bony plate of the entire skull base. Its thickness is between

0.05 and 0.2 mm. LLCP forms the weak medial side of bony
roof of the ethmoid air cells and consequently the most vulner-
able area for iatrogenic injury and intracranial perforation

during FESS (8). We used the site of transition from thick to
thin bone as a guide for accurate localization between the
articulation between the FE and LLCP and used this point
for measurement (line B).

As mentioned, the degree of vertical angulation of the
LLCP varies (Fig. 4). The angle of articulation of LLCP and
FE defines the shape of the olfactory fossa from the intracra-

nial side as well as the height of the ethmoid roof and depth of
the olfactory recess from the nasal side. Being sides of a right
angle triangle, the depth of the olfactory fossa is directly

related to both length and degree of vertical angulation of
the LLCP. LLCP is representing the hypotenuse of this right
angle triangle.

As the vertical depth of LLCP increases (the more vertical
position of LLCP), the olfactory fossa tends to be narrower
and deeper and the ethmoid roof will be more low and hang-
ing. This will increase the risk of iatrogenic injury of the

LLCP.
More than two thirds of our patients (69%) showed sym-

metrical height of ethmoid roof when the right and left sided

‘‘h’’ were compared for each individual. Asymmetry or height
difference between two sides of more than 1 m was found in 31
cases (31%). The right ethmoid roof had more chance to be

lower than the left ethmoid rood and therefore, theoretically
it may be more susceptible for iatrogenic injury.

Some other studies have demonstrated that the lateral

lamella of the cribriform plate is symmetrical in less than
50% of individuals, and that this asymmetry is related to
flattening of the fovea ethmoidalis with angulation of the
lateral lamella of the cribriform plate, which may result in

surgical difficulties (1,8,9).
In original Keros classification (6), Type I was described in

26.3% of population, versus 56.5% in our study. Keros Type

II olfactory fossa described in 73.3% of population, versus
40.5% in this study. The olfactory fossa of Keros III was
described in 0.5% of population, versus 3% in our study.

This study was done on Egyptian population and we used
more accurate measurements based on MDCT. In original
Keros classification measurements more than 3 and less than
4 as well as more than 7 and less than 8 mm are noted

described. In our study we considered measurements more
than 3 and less than 4 mm as type I Keros as well as measure-
ments more than 7 and less than 8 mm as Keros III.

In Table 6 we compared incidence of different Keros types
among different studies performed among different races.
There were wide variations in the percentages among the

studies performed in different races and even among those
performed on the same race. These variations may be attribu-
ted to the wide range in number of studied patients, method of

measurements and even the standardization of Keros classifi-
cations regarding the originally non described measurements
(more than 3 and less than 4 as well as more than 7 and less
than 8 mm).
In another study among the Egyptian population, Elwany
et al. (10) classified 42.5% of the cases as Keros Type I and

56.8% of the cases as Keros Type II. Keros Type III was found
in 1.4% of the men and in none of the women. We agreed with
Elwany et al. (10) that Keros Type II and III are more

frequently in men, and Keros Type I is more frequently in
women.

In this study we used cross sectional MDCT in our mea-

surements. The anatomical site of the infra-orbital nerves
was taken as the reference point for measurements in this
study. This reference point is more relevant during surgery
and endoscopic sinus surgery. We could assist in informing

the surgeons about the position of the ethmoid roof. Other
studies (4,8,11,12) also used the same anatomical landmarks
in the coronal images that represent road maps in the evalua-

tion of the anatomy which is highly variable even between the
two sides of the same person. These coronal MDCT sections
are invaluable in demonstrating areas at risk for complications

in the planning of endoscopic sinus surgeries.
The majority of the major complications of functional

endoscopic sinus surgery are related to the ethmoid bone
(13). Several studies highlight the relevance of the evaluation

of the ethmoid roof and its value in the prevention of FESS
complications (13,14). To avoid major complications, anatom-
ical variations, particularly in the base of the skull, should be

properly understood and reported (2,3).
Limitations of this study included the limited number of

patients, the choice of the patients randomly throughout the

entire adulthood life and not, more specifically, within the dif-
ferent decades of life. Patients below 18 years were also not
studied.

We concluded that the majority of studied Egyptian adult
population showed Keros type I (56.5%) followed by type II
(40.5%). Keros type III is seen in only 3% of studied adult
Egyptian population.
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