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Computed tomography assessment of the ethmoid roof:

a relevant region at risk in endoscopic sinus surgery*
Análise por tomografia computadorizada do teto etmoidal: importante área de risco

em cirurgia endoscópica nasal

Soraia Ale Souza1, Marcia Maria Ale de Souza2, Marcos Idagawa3, Ângela Maria Borri Wolosker4,
Sérgio Aron Ajzen5

OBJECTIVE: To evaluate the olfactory fossae depth according to the Keros’ classification and determine the
incidence and degree of asymmetry in the height and contour of the ethmoid roof. MATERIALS AND
METHODS: Retrospective analysis of 200 coronal computed tomography studies of paranasal sinuses
performed in the period between August and December, 2006. RESULTS: According to the Keros’
classification, olfactory fossae type II was most frequently found in 73.3% of cases followed by type I in
26.3% and type III in 0.5% of cases. Asymmetry in the ethmoid roof height was found in 12% of cases (24
computed tomography studies), and contour asymmetry was found in 48.5% (97 computed tomography
studies), with flattening of the ethmoid roof on one of the sides. CONCLUSION: As regards the olfactory
fossae depth, the Keros’ type II was most frequently found. In most of cases, the ethmoid roof asymmetry
was related to angulation of the lateral lamella of the cribriform plate.
Keywords: Anatomy; Nose; Nasal cavity; Computed tomography; Fovea ethmoidalis; Olfactory fossa.

OBJETIVO: Avaliar a profundidade das fossas olfatórias e a freqüência de assimetria na altura e na inclina-
ção lateral do contorno do teto etmoidal. MATERIAIS E MÉTODOS: Estudo retrospectivo de 200 tomogra-
fias computadorizadas dos seios da face no plano coronal realizadas no período de agosto a dezembro de
2006. As profundidades das fossas olfatórias foram classificadas segundo Keros. O teto etmoidal foi ava-
liado quanto à simetria entre os lados. RESULTADOS: O tipo de Keros mais encontrado foi o tipo II (73,3%),
seguido do tipo I (26,3%) e do tipo III (0,5%). Em 12% (24 exames) havia assimetria entre os lados quanto
à altura do teto etmoidal, e em 48,5% (97 exames) observou-se assimetria do contorno do teto, com incli-
nação lateral da lâmina crivosa de um dos lados. CONCLUSÃO: Em relação à profundidade das fossas olfa-
tórias, o tipo II de Keros foi o mais freqüente. Verificou-se que a assimetria do teto do seio etmoidal, na
maioria dos casos, estava relacionada com a inclinação lateral da lamela lateral da lâmina crivosa.
Unitermos: Anatomia; Nariz; Cavidade nasal; Tomografia computadorizada; Fóvea etmoidal; Fossa olfatória.

Abstract

Resumo

* Study developed at Laboratório Diagnósticos da América, and

Department of Imaging Diagnosis – Universidade Federal de São

Paulo/Escola Paulista de Medicina (Unifesp/EPM), São Paulo, SP,

Brazil.

1. Master, Student of the Doctorate Program at Department

of Imaging Diagnosis – Universidade Federal de São Paulo/Es-

cola Paulista de Medicina (Unifesp/EPM), São Paulo, SP, Brazil.

2. PhD, Student of the Post-doctorate Program at Department

of Otorhinolaryngology –Universidade Federal de São Paulo/Es-

cola Paulista de Medicina (Unifesp/EPM), São Paulo, SP, Brazil.

3. Imaging Diagnosis Specialist, MD, Collaborator at Depart-

ment of Imaging Diagnosis – Universidade Federal de São Pau-

lo/Escola Paulista de Medicina (Unifesp/EPM), São Paulo, SP,

Brazil.

4. PhD, Physician at Department of Imaging Diagnosis – Uni-

versidade Federal de São Paulo/Escola Paulista de Medicina

(Unifesp/EPM), São Paulo, SP, Brazil.

5. Full Professor, Head for the Department of Imaging Diag-

nosis – Universidade Federal de São Paulo/Escola Paulista de

Medicina (Unifesp/EPM), São Paulo, SP, Brazil.

Mailing address: Dra. Soraia Ale Souza. Avenida Doutor Altino

Arantes, 620, ap.194, Vila Clementino. São Paulo, SP, Brazil,

04042-003. E-mail: soraiaale@gmail.com

Received May 26, 2007. Accepted after revision September

4, 2007.

nipulation of the ethmoidal and frontal si-
nuses(3,4).

The roof of the ethmoidal labyrinth is
formed by the fovea ethmoidalis, an exten-
sion of the frontal bone orbital plate, pri-
marily separating the ethmoidal cells from
the anterior cranial fossa(5-9). Medially, the
fovea ethmoidalis attaches to the lateral
lamella of the cribriform plate, that is part
of the ethmoid bone, corresponding to a
very thin bone structure, much thicker than
the fovea ethmoidalis(5,8–10), offering lower
resistance to perforation during surgical
maneuvers.

The depth of the olfactory fossa is de-
termined by the height of the lateral lamella
of the cribriform plate. In 1962, Keros(11)

defined three heights (Figure 1) and clas-
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INTRODUCTION

Currently, endoscopic frontal sinuses
surgery is considered as the treatment of
choice for chronic rhinosinusitis resistant
to clinical management, as well as for ap-
proaching a number of conditions such as
mucocele, choanal atresia, nasal polyposis,
sellar and parasellar tumors, optic nerve
decompression, management of epistaxis
and epiphora caused by lower lacrimal
ducts obstruction(1).

Although the incidence of intraopera-
tive complications is low, severe complica-
tions such as intraorbital hematomas with
visual loss, liquoric fistula and intracranial
penetration may occur(2,3). Most of major
complications are related to surgical ma-
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sified the depth of the olfactory fossa into
Keros type I (< 3 mm), type II (4–7 mm)
and type III (8–16 mm). Depending on the
Keros type, a variable segment of the lat-
eral wall of the olfactory fossa will be ex-
posed during the dissection of the
frontoethmoidal region. The Keros type III
is the most vulnerable one, considering the
major risk for iatrogenic lesion of the lat-
eral lamella of the cribriform plate(6,8,9,12).

Several studies(4,6,8–19) highlight the rel-
evance of the evaluation of the ethmoidal
roof and its value in the prevention of en-
doscopic surgery complications. According
to the literature, in the skull base, iatrogenic
lesions occur predominantly in the lateral
lamella of the cribriform plate. The site
where the anterior ethmoidal artery pen-
etrates the cranial fossa is particularly in-
teresting, considering that this is the thin-
nest and less resistant region of the whole
skull base(6,8–10).

The ethmoid roof configuration may
present asymmetry in the height and angu-
lation between sides in a same indi-
vidual(6,10–13). Some studies have demon-
strated that the lateral lamella of the crib-
riform plate is symmetrical in less than
50% of individuals, and that this asymme-
try is related to flattening of the fovea
ethmoidalis with angulation of the lateral
lamella of the cribriform plate, which may
result in surgical difficulties(20,21).

The knowledge about the complex skull
base anatomy and anatomical relations,
including the fovea ethmoidalis and lateral
lamella of the cribriform plate, is essential
in the prevention of complications in en-
doscopic nasal surgeries(3,6–8,21).

Computed tomography (CT) has con-
tributed not only to the evaluation of
sinonasal diseases, but also to the charac-

terization of the paranasal sinuses
anatomy(21–25). Coronal images can particu-
larly be considered as maps in the evalua-
tion of the anatomy that is highly variable
even between the two sides of a same in-
dividual, demonstrating areas potentially at
risk for complications in the planning of
endoscopic nasal surgeries(12,14,17,19,20–32).

The reasoning for the choice of this
theme is associated with the evaluation of
anatomical findings that may determine a
higher intraoperative safety during surger-
ies in the frontoethmoidal region, giving
the surgeon previous knowledge about the
configuration of the ethmoidal roof and
depth of olfactory fossae, consequently
reducing the patient exposure to potential
complications.

MATERIALS AND METHODS

Retrospective analysis of 200 CT im-
ages of frontal sinuses acquired in the pe-
riod between August and December 2006,
in the São Paulo, SP, metro region.

The following exclusion criteria were
adopted: patients under the age of ten, pre-
vious history of surgery or trauma in the
paranasal sinuses or skull base, congenital
abnormalities of the face, malignant dis-
ease of the frontal sinus, osteofibrotic le-
sions and sinusopathy determining opaci-
fication of the frontal recess and/or anterior
ethmoid cells.

In the above mentioned period, 540 CT
images of frontal sinuses were evaluated,
and 340 of them were excluded according
to the already described exclusion criteria.

All of the CT images were acquired in
a helical Hi-Speed tomograph (GE Medi-
cal Systems; Milwaukee, USA). Only coro-
nal images were utilized in the present

study. These images were acquired perpen-
dicularly to the hard palate, from the ante-
rior margin of the frontal sinus to the ante-
rior margin of the clivus, with the patient
positioned in ventral decubitus.

Technical parameters adopted for acqui-
sition and analysis of tomographic images
are shown on Chart 1.

Figure 1. Schematic representation of the three types of olfactory fossae according to the Keros classification: A, type I; B, type II; C, type III. (Modified from

Stammberger(9).

A B C

Chart 1 Technical parameters utilized for acqui-

sition and analysis of tomographic images.

Technical parameters

kV: 120

mAs: 150

Field-of view: 14.7 cm

Filter: bone

Tube rotation: 3/3 mm

Window (opening/center): 2,500/400 UH

The CT studies interpretation involved
morphological analysis of the ethmoid si-
nus roof as regards symmetry in height and
presence of angulation of the lateral lamella
of the cribriform plate. Angulation corre-
sponded to the presence of an increase in
the angle formed between the lateral
lamella and the horizontal portion of the
cribriform plate (Figure 2). The depth of the
olfactory fossa was determined by the
length of the highest lateral lamella and
classified into types I, II or III, according
to the Keros criteria (Figures 3, 4 and 5).

RESULTS

The sample of this study included 200
patients (83 [41.5%] men and 117 [58.5%]
women) with ages ranging between 12 and
88 years (mean = 34.33 years).

Table 1 shows the distribution of depths
of olfactory fossae according to the Keros
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classification. Only one patient was found
with Keros type III anatomical variation,
with the greatest majority of patients being
classified as Keros type II.

In the majority of CT studies (88%)
symmetry was observed in the height of the
lateral lamellas between left and right sides

Table 1 Distribution of 400 olfactory fossae according to their side and Keros classification.

Type

Keros I

Keros II

Keros III

Total

Right side

53 (26.5%)

146 (73.0%)

1 (0.5%)

200 (100.0%)

Left side

52 (26.0%)

147 (73.5%)

1 (0.5%)

200 (100.0%)

Total

105 (26.2%)

293 (73.3%)

2 (0.5%)

400 (100.0%)

Figure 2. Angulation of the ethmoid roof at right, with an increase in the angle

between the lateral lamella and the horizontal portion of the cribriform plate.

Figure 3. Not very deep olfactory fossae, where the ethmoidal roofs are al-

most in the same plane as the cribriform plate, corresponding to Keros type I.

Figure 4. Olfactory fossae are deeper, and lateral lamellas are longer, corre-

sponding to Keros type II.

Figure 5. Olfactory fossae are very deep. Lateral lamellas are long and thin,

corresponding to Keros type III.
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the coronal plane is the best for evaluating
the ethmoid roof anatomy, providing de-
tailed information about this segment that
usually presents many variations even be-
tween left and right sides in a same indi-
vidual, and consequently minimizing risks
in surgical interventions.

Lesions in the skull base with laceration
of the dura mater followed by liquoric fis-
tula occur more easily in cases where the
cribriform plate is thin and longer(6–10,18,

23,27,29,33). It is already well established that
the area at risk is not in the highest point
of the ethmoid sinus formed by the fovea
ethmoidalis, but in the lateral lamella of the
cribriform plate in the region of the ethmoi-
dal sulcus. This is the most vulnerable site
in the whole skull base where the anterior
ethmoidal artery leaves the ethmoid sinus
and courses anteriorly in the ethmoidal
sulcus of the olfactory fossa(6,8–10).

Studies about depth of the olfactory
fossae have demonstrated divergences in
relation to the distribution of frequency of
Keros types. Basak et al.(28), evaluating 64
children, have found a higher frequency of
Keros type II (53%), followed by type III
(38%) and type I (9%). Jang et al.(34), in a
study with 205 predominantly adult pa-
tients, have observed that Keros type II was
most frequently found (69.5%), followed
by type I (53.8%). In this latest series, no
Keros type III olfactory fossa has been
found. In another study developed with
children in the age range between 0 and 14
years, Anderhuber et al.(33) have found

regarding the Keros type II prevalence,
there was a high variance in the frequency
of type I, and remarkably in the frequency
of type III.

In the literature review, few studies were
found reporting the frequency of asymme-
try in the height of the lateral lamella of the
cribriform plate. Wormald(35) has observed
that the right fovea ethmoidalis was lower
in 59% of cases. Dessi et al.(18), analyzing
the height of the ethmoidal roof on 150 CT
studies, have observed asymmetry in 15
patients (10%). Lebowitz et al.(36), in a re-
view of 200 CT studies, have observed
asymmetry in 19 cases (9.5%). In these
three studies, ethmoidal roofs were lower
at right. Similarly to the results of these two
latest studies, the present study has found
asymmetry in 24 patients (12%), 13
(54.1%) of them with lower ethmoidal
roofs at right, and 11 (49.5%), at left.

In the present study, asymmetry related
to the angulation of the lateral lamella of
the cribriform plate was observed in 48.5%
of cases, in agreement with Lebowitz et
al.(36), who have also demonstrated this
finding in 48% of cases in their tomo-
graphic studies series. Both in the present
study and in the one developed by
Lebowitz, there was a prevalence of lateral
angulation to the left.

No study was found in the literature,
correlating the presence of angulation of
the lateral lamella of the cribriform plate
with the Keros type of anatomical varia-
tion. In the present study, association of
angulation of the lateral lamella of the crib-
riform plate with Keros type II was more
frequently found than with Keros type I.

CONCLUSION

Ethmoid roof asymmetry is a frequent
anatomical variation that may occur as a
result of the association of differences in
the height of the lateral lamella and/or con-
tour of the ethmoidal roof, with angulation
of the lateral lamella.

Symmetry in the ethmoid roof contour
was found in a little more than 50% of in-
dividuals, and asymmetry, in most of cases
resulted in difference in the ethmoid roof
contour, with unilateral flattening. Most
frequently, this finding was associated with
the Keros type II. These findings emphasize

in a same individual. In cases where asym-
metry was observed, 5.5% (11 CT studies)
presented a lower lateral lamella at left, and
6.5% (13 studies), at right.

Table 2 shows that in 48.5% of cases
there was angulation of the lateral lamella
in one of the sides, most frequently at left.

DISCUSSION

The relevance of evaluating the ethmoid
roof, both by means of endoscopy and CT,
for preventing surgical complications has
been approached by several studies in the
medical literature(2-4,7,8,10,14,30,31). Coronal
CT images were selected, considering that

14.2% of Keros type I, 70.6% type II, and
15.2% type III. The present study, predomi-
nantly with adult patients, has also evi-
denced that Keros type II is the most fre-
quently found (73.3%), followed by type I
(26.2%), with type III being the type of
anatomical variation less frequently found
(0.5%). Despite the inter-study agreement

Table 3 Distribution of variations in the angulation of lateral lamellas of the cribriform plates related to

depth of olfactory fossae, according to the Keros classification.

Variation in the angulation of the lateral

lamella of the cribriform plate

Absent

Present

Total

Keros type I

38 (73.1%)

14 (26.9%)

52 (100.0%)

Keros type II

64 (43.8%)

82 (56.2%)

146 (100.0%)

Total

102 (51.5%)

96 (48.5%)

198 (100.0%)

Statistically significant difference was found between groups (p < 0.001).

Table 2 Distribution of angulation of the lateral

lamella, indicating the side where this anatomical

finding was observed.

Lateral angulation

Absent

Present at left

Present at right

Total

Number of cases

103 (51.5%)

59 (29.5%)

38 (19.0%)

200 (100.0%)

In the association between categories,
considering that only one patient had a
Keros type III anatomical variation, and
only one presented with different catego-
ries for left and right sides according to the
Keros classification, both patients were
excluded for the purpose of statistical
analysis.

Statistically significant association was
not observed between the variation of the
symmetry in the height of the lateral lamel-
las of the cribriform plates and the depth
of olfactory fossae, but a statistically sig-
nificant association was observed between
the presence of angulation of the lateral
lamellas of the cribriform plate and depth
of olfactory fossae according to the Keros
type found (Table 3).
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the relevance of a careful evaluation, par-
ticularly in those individuals elected for
endoscopic nasal surgery.

The evaluation of the depth of the olfac-
tory fossae and presence of ethmoidal roof
asymmetry represents a significant aspect
in tomographic studies, and should be in-
cluded in the routine description of tomo-
graphic reports, considering the significant
implication of these structures in the risk
at endoscopic nasal surgeries.
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