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INTRODUCTION

Hakan Avci?

ABSTRACT

Obijective: Functional endoscopic sinus surgery (FESS) is a frequently used treatment meth-
od, and it is important to know the anatomy of the paranasal sinuses, olfactory fossa and
adjacent anatomical structures during surgery. Paranasal sinus computed tomography (CT) is
a frequently used imaging method in the evaluation of the paranasal sinuses, nasal cavity and
nasopharynx. Our study aims to determine Keros types and their incidence by retrospec-
tively evaluating the depth of the olfactory fossa in our population according to the Keros
classification on paranasal sinus CT images.

Methods: In this study, the images of the patients who were directed by the otorhinolar-
yngology clinic and who underwent non-contrast paranasal sinus CT examination in the
Radiology clinic between December 2018 and June 2019 were evaluated retrospectively. As
a result, 522 patients between the ages of 18 and 87 were included in our study.

Results: The average depth of the total 1044 olfactory fossa (OF) examined was 4.89 mm
with a standard deviation (SD) calculated of +2.79. Statistically, a significant difference was
found between males and females in mean OF depth (p<0.001). According to Keros classi-
fication, 322 sides (30.85%) had type |, 697 sides (66.75%), type 2 and 25 sides (2.4%) had
type 3 in 1044 olfactory fossa. To our knowledge, this study has the largest case series for
the olfactory fossa in our country, and the data were obtained in a tertiary health center.

Conclusion: The routine use of Keros classification for the left and right side in paranasal
sinus CT reporting will help minimize surgical complications by providing valuable contribu-
tions to the surgical branches related to the anatomy of this region.

Paranasal sinus computed tomography (CT) is a fre-
quently used imaging method in the evaluation of the

Functional endoscopic sinus surgery (FESS) is a frequently
used method, and it is important to know the anatomy
of the paranasal sinuses, olfactory fossa and adjacent an-
atomical structures during surgery. Because the paranasal
sinuses are adjacent to the orbital spaces and the brain,
the surgeon should be aware of sinonasal anatomy and as-
sociated variations.!'] Such an anatomical approach is one
of the main factors that directly affect FESS results and
complication rates. In some sources, the olfactory fossa
(OF) and the area around the ethmoid cellular are called
the ‘dangerous zone’P! If the depth and anatomical varia-
tions of the olfactory fossa are not considered in preop-
erative imaging, complications may occur more frequently
during surgery.4

paranasal sinuses, nasal cavity and nasopharynx. Also,
bone structures can be evaluated effectively due to the
ability to obtain images in axial and coronal planes.!']
Preoperative evaluation of the anatomy of the ethmoid
roof, anterior cranial fossa and related bone structures
adjacent to the olfactory fossa will provide a safer route
during surgery and reduce postoperative complications.
Therefore, paranasal sinus CT is very valuable before en-
doscopic sinus surgery.?*5 Ethmoidal foveal asymmetry,
anatomical variations of the olfactory fossa (OF) and lat-
eral lamella, as well as the course of the anterior eth-
moid artery, are critical for endoscopic sinus surgery as
they may cause iatrogenic damage. The asymmetry of the
depth of both sides’ olfactory fossa or the height of the
ethmoidal roof may lead to a higher risk of intracranial
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penetration during endoscopic sinus surgery.?¢l The ol-
factory fossa is a depression in the anterior cranial cavity
where it forms the base of the ethmoid cribriform plate.
The lateral lamella of the cribriform plate is located in
the lateral part of the olfactory fossa, and the crista galli
is located in the medial part. The depth of the olfactory
fossa is determined by the height of the lateral lamella of
the cribriform plate (Fig. I).

According to the classification made by Keros in 1962, the
depth of the olfactory fossa is evaluated in thre categories:
type |, -3 mm; type 2, 4-7 mm; and type 3, 8-16 mm
(Fig. 2)." Type 3 is the most dangerous and important
type of endoscopic sinus surgery and has a very thin cribri-
form plate.l® After the Keros classification, several studies
have been conducted on the ethmoid roof and OF based

on Keros classification in various populations over the
years.®'2 Contrary to the Keros types and classification,
there is also the Yenigun classification based on the ante-
rior ethmoidal artery and ethmoid roof and evaluating the
olfactory fossa as transverse.l'® According to this classifi-

Figure 1. In paranasal sinus CT coronal plane images; a) crista
galli b) olfactory fossa c) cribriform plate d) perpendicular plate
and e) infraorbital nerve are seen.

cation, as the length of the canal of the anterior ethmoidal
artery and the incidence of the artery increases, the risk
of injury increases.

Our study aims to determine Keros species and its in-
cidence by retrospectively evaluating the depth of the
olfactory fossa in our population according to the Keros
classification on paranasal sinus CT images. We tried to
evaluate the distribution of Keros types and various asym-
metry parameters in paranasal sinus CT of as many pa-
tients as possible. Besides, olfactory fossa asymmetry and
gender differences were evaluated.

MATERIALS AND METHODS

Patient selection

Ethical approval was obtained from the Institutional Re-
view Board of the local ethics committee of our hospital
(IRB:2019/514/154/12). In this study, the images of the pa-
tients who were directed by the otolaryngology clinic and
who underwent non-contrast paranasal sinus CT examina-
tion in the Radiology clinic between December 2018 and
June 2019 were evaluated retrospectively. Patients with a
congenital facial anomaly, sinonasal polyposis, tumor, na-
sal-paranasal trauma, infection involving bone destruction,
surgical history and age less than |8 years were excluded
from this study. As a result, 522 patients between the ages
of 18 and 87 were included in our study. Informed consent
forms were available for all patients before CT scans.

CT imaging and measurements

Images of all patients were obtained using a 40-slice CT
scanner (Siemens, SOMATOM Sensation 40). CT param-
eters were 120 kV, 300 mA:s, rotation time | sec, section
thickness 2 mm, a field of view (FOV) I5 mm. All CT im-
ages were reconstructed and analyzed using the software
“picture archiving and communication system” (PACS)
INFINITT: 3.0.11.4 (BNII) program. Only coronal images
were used during this study and measurements were ob-
tained by working in the bone window. Paranasal sinus CT

Figure 2. According to the Keros classification, CT images of three types of olfactory fossa in the coronal plane are shown respec-
tively; (a) Keros type | (b) Keros type Il (c) Keros type lII.
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images for each patient were respectively evaluated by a
radiologist experienced in head and neck radiology.

Statistical analysis

Statistical analysis of the data was performed using SPSS
Statistics software (IBM SPSS ver 24.0, IBM, Armonk, NY,
USA). Descriptive statistical methods (median, frequency,
percent, minimum, and maximum) were used to express
the central tendency. Kolmogorov-Smirnov test was used
to evaluate the normality of quantitative data distribu-
tion. Pearson’s chi-square test was used to compare cat-
egorical variables, and Fisher’s exact test was applied if
the number of subgroups was low. Mann—Whitney U test
was used to compare the differences between sexes and
laterality. A p-value <0.05 was considered statistically sig-
nificant.

RESULTS

In this study, 522 patients were included, 282 were males
(54.02%) and 240 were females (45.98%). The average
patient age was 37.46x13.45 years in males, 39.01£14.85
years in females and 38.17+14.12 years in total. The young-
est case in both sexes was |8-year-old, the oldest case in
males was 78-year-old and 87 for females.

The average depth of the total 1044 olfactory fossa (OF)
examined was 4.89 mm with a standard deviation (SD)
calculated of 2.79. The average OF depth on the right
side was 4.86 mm, and the average depth on the left side
was 4.91 mm, respectively (Table I). Statistically, a sig-
nificant difference was found between males and females
in mean OF depth (p<0.001). No statistically significant
difference was found when the mean right OF depth was
compared according to gender (p>0.05). Similarly, when
the mean depths of right and left OF were compared
for all patients, no statistically significant difference was
found (p>0.05). However, when the mean left OF depth
was compared by gender, there was statistical significance
(p<0.001) (Table 2).

According to Keros classification in total 1044 olfactory
fossa, type | was in 322 (30.85%), type 2 in 697 (66.75%)
and type 3 in 25 (2.4%) sides. Based on these data, type
2 is the most common on the right and left side and in
both genders. In the total of the right-sided olfactory fossa;
Keros type | 160 (30.7%), type 2 350 (67.0%) and type
3 12 (2.3%) subjects were present. In the left-side total;
there were Keros type | 162 (31.0%) subjects, type 2 347
(66.5%) and type 3 13 (2.5%) subjects (Table 3). When Ker-
os types were compared between both genders and sides,
no statistical significance was found (p>0.05) (Table 4).

Table 1. Distribution of olfactory fossa (OF) depth
OF depth total OF depth right OF depth left OF depth male Of depth female

Mean 4.89 4.86 491 5.03 4.71
n 1044 522 522 564 480
Standard deviation 2.79 1.36 1.45 |.46 1.36
Table 2. Difference in mean depth of olfactory fossa (OF) between genders
Gender n Mean Standard deviation p-value
Male Right OF depth 282 4.99 1.41 >0.05
Female Right OF depth 240 471 1.33
Male Left OF depth 282 5.08 1.52 <0.001
Female L eft OF depth 240 471 1.39
Total Right OF depth 522 4.86 1.36 >0.05

Left OF depth 522 491 1.45
Table 3. Distribution of olfactory fossa according to the side and Keros classification
Keros type Right Left Total

n Percentage (%) n Percentage (%) n Percentage (%)
Type | 160 30.7 162 31.0 322 30.85
Type ll 350 67.0 347 66.5 697 66.75
Type lll 12 23 13 2.5 25 24
Total 522 100 522 100 1044 100
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Table 4. Distribution of olfactory fossa based on Keros classification according to their sides and sex
Keros Type Right, n (%) Left, n (%) Total, n (%)
Male Female Male Female Male Female Overall
Type | 83 (29.4) 77 (32.1) 82 (29.1) 80 (33.3) 165 (29.3) 157 (32.8) 322 (30.85)
Type Il 189 (67.0) 161 (67.1) 190 (67.4) 157 (65.4) 379 (67.2) 318 (66.2) 697 (66.75)
Type Ill 10 (3.5) 2 (0.8) 10 (3.5) 3(1.3) 20 (3.5) 5 (1.0) 25 (2.4)
Total 282 (100) 240 (100) 282 (100) 240 (100) 564 (100) 480 (100) 1044 (100)
Table 5. Literature review and our study The most common ty!ae. in our study was type !I olfac-
tory fossa (66.75%), similar to many other studies.['®2)
Studies n Type | Type2 Type3 This was followed by type | and type 3 in the order of
(%) (%) (%) occurrence. Using the Keros classification, we obtained
Souza et al 2" 400 2.3 733 05 percentages.that were relatively SIrT\I|.aI‘ to Fhe. values in
several previous studies.?'-2! A statistically significant dif-
Jang et al.?2 205 30.5 69.5 none .
ference was found between males and females in mean OF
Anderhuber et al.l'”] 272 14.2 70.6 15.2 - . e [69] .
Nitinavakarn et a1 @ e e 195 depth, similar to some previous studies.[*”l Also, we did
itinavaka o ’ ’ ’ ’ not find a significant difference in mean OF depth between
ACCCICAE 77 2 ik 208 the right and left sides. In Babu et al. study, a statistically
Basak et al.™ . 0 & - significant relationship was found between Keros type and
%] 1200 17.5 74.6 79 & P W YP
Babu et alf : : : gender, especially on the right side.[!
Our study 522 30.85 66.75 24

There are few studies evaluating Keros types in the lit-
erature and our data are compared and summarized in
Table 5.

In this study, the difference in the OF depth between the
two sides by more than 20.1 mm was defined as asymme-
try. Although asymmetry was observed in all 522 subjects
examined, the difference between right and left side in 507
was <| mm and 272 males and 235 females. However, in
only 15 subjects, the difference was >1 mm, and there
were |10 males and five females. In addition, there was no
significant relationship between gender and symmetrical
and asymmetrical OF distribution on both sides (p>0.05).
Similarly, considering the distribution of the same and
different Keros types on both sides by gender, only four
males and three females had different Keros types on both
sides, and there was no significant relationship (p>0.05).

DISCUSSION

With the development of multislice technology, thin-sec-
tioned paranasal sinus CT not only reveals anatomical de-
tails in the best way but also provides important contri-
butions to the diagnosis and treatment of paranasal sinus
diseases.!'] Given the relatively old spiral CT technology
and the complexity of the cellular anatomy of the ethmoid,
axial and coronal images optimally obtained in multislice
technology provide useful data before FESS and during
surgery.l'”] One of the oldest known studies on the ol-
factory fossa is the cadaver study published by Keros P. in
1962, and the classification described here has been used
based on many articles published to date.l”"!¢!"]

Although the rate of asymmetry in our study group was
quite high (97.1%) compared to other studies, asymmetry
was >| mm in only 2.9% of cases. Finally, only seven sub-
jects (1.3%) had different Keros type OFs on both sides,
which was higher in Babu et al. and Pawar et al.?* In the
study conducted by Babu et al., the mean OF depth was
5.26£1.69 mm, which was slightly higher than in our study.
Similarly, although there was a statistically significant dif-
ference in mean OF depth between males and females, no
difference was observed between the right and left sides.
Again, this study has one of the largest case series in the lit-
erature.”] Souza et al. used the coronal plan on CT images
in their study; the most common type 2 olfactory fossa
(73.3%) was observed with the Keros classification in their
cases, and similar to our study, they found the least type 3
olfactory fossa (0.5%). Also, a remarkable asymmetry has
been achieved in the ethmoid roof height and contour.?' In
the study of Salroo et al. a statistically significant difference
between the depths of the right and left lateral olfactory
fossa was found, and when they compared the relationship
between Keros classification and gender, there was a simi-
lar difference. In the same study, it is stated that the preop-
erative evaluation of ethmoid roof anatomy is essential.F’]

In a few studies, Keros type | is most common, followed
by type Il and lll, respectively.?>?8 Unlike other studies,
Costa et al,, in the images of the paranasal sinus, they ob-
tained using cone-beam computed tomography; according
to the Keros classification, the most common type 2 ol-
factory fossa and the least type | olfactory fossa were ob-
served. There was also no significant difference between
sex and age and the depths of the right and left-sided ol-
factory fossa.l*”!

Yenigun et al.l'¥! developed a new classification in addition
to the Keros classification for the ethmoid roof based on
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visualization of the anterior ethmoidal artery, analyzing
its relationship with neighboring structures in coronal,
axial and sagittal CT images, evaluating its relationship
with the ethmoid roof. The Keros classification used to
measure lateral depth has been modified to measure the
anteroposterior length of the cribriform plate on the
ethmoid roof. It has been shown that in the presence
of supraorbital pneumatization, the anterior ethmoidal
artery observability increases bilaterally. Besides, it has
been shown that the increased depth and length of the
lateral lamella of the cribriform plate increases the visual-
ization of the anterior ethmoidal artery and thus the risk
of injury.l'¥ On the other hand, Alberto et al., using the
Keros and Yenigun classifications together, did not find a
significant difference between gender and Keros types in
their study. According to the Yenigun classification, type
| was more common, and there was a statistically sig-
nificant difference between males and females in types
[ and IL.I'Y

In this study, we aimed to evaluate the distribution of Keros
types and various asymmetry parameters in paranasal si-
nus CT of as many patients as possible. Secondary to this,
we obtained one of the largest series in the literature with
522 patients.’*%3! Also, to our knowledge, our study has
the largest case series for the olfactory fossa in our coun-
try, and the data were obtained in a tertiary health center.
Finally, during our study, it is an important advantage that
the data can be measured via PACS, which is easily acces-
sible and easy to use.

In this study, taking measurements by a single radiologist
can be considered a limitation. Besides, the fact that we
cannot obtain additional information about the ethmoid
roof using the Yenigun classification can be listed as anoth-
er limitation. Another limitation can be considered as not
using special software during paranasal sinus CT measure-
ments. Although our case number is sufficient, we believe
that new studies with metanalysis and a higher number of
cases will contribute positively to the Keros classification
in routine CT reporting.

CONCLUSION

Keros classification is very important in an objective eval-
uation of the anterior skull base anatomy and helps the
surgeon’s approach to a safe procedure during surgery, es-
pecially FESS. Thus, the surgical approach can be carefully
planned and possible complications during surgery can be
prevented. The routine use of Keros classification for the
left and right side in paranasal sinus CT reporting will help
minimize surgical complications by providing valuable con-
tributions to the surgical branches related to the anatomy
of this region.
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S~

Olfaktor Fossa Anatomisinin Bilgisayarli Tomografi ile Degerlendirilmesi ve
Keros Siniflandirmasinin Fonksiyonel Endoskopik Sints Cerrahisindeki Yeri

Amag: Fonksiyonel endoskopik siniis cerrahisi (FESS) sik kullanilan bir tedavi yontemidir ve ameliyat sirasinda paranazal siniislerin, olfaktor
fossa ve komsu anatomik yapilarin anatomisinin bilinmesi énemlidir. Paranazal sinis bilgisayarli tomografi (BT), paranazal sinuslerin, nazal
kavite ve nazofarenksin degerlendirilmesinde siklikla kullanilan bir gériintiileme yéntemidir. Bu galismamiz, paranazal siniis BT gorintiilerin-
de Keros siniflamasina gére popiilasyonumuzdaki olfaktér fossa derinligini geriye doniik olarak degerlendirerek Keros tiplerini ve goriilme
sikhigini belirlemeyi amaglamaktadir.

Gereg ve Yontem: Bu calismada, Aralik 2018-Haziran 2019 tarihleri arasinda kulak burun bogaz klinigi tarafindan yénlendirilen ve Radyo-
loji kliniginde kontrastsiz paranazal siniis BT incelemesi yapilan hastalarin gériintileri geriye doniik olarak degerlendirildi. Sonug olarak 18-87
yaslari arasinda 522 hasta galismamiza dahil edildi.

Bulgular: incelenen toplam 1044 koku fossasinin (OF) ortalama derinligi 4,89 mm ve standart sapma (SD) +2.79 olarak hesaplandi. Orta-
lama OF derinligi agisindan erkekler ve kadinlar arasinda istatistiksel olarak anlamli fark bulundu (p<0.001). Toplam 1044 olfaktor fossada
Keros siniflandirmasina goére, 322 tarafta (%30.85) tip |, 697 tarafta (%66.75) tip 2 ve 25 tarafta (%2.4) ise tip 3 mevcuttu. Bu galigma, lke-
mizdeki en biiyiik olfaktor fossa olgu calismasina sahiptir ve verileri tiglincii basamak bir saglik merkezinde elde edilmistir.

Sonug: Paranazal siniis BT raporlamasinda sol ve sag taraf igin Keros siniflandirmasinin rutin olarak yapilmasi, bu bélgenin anatomisi ile ilgili
cerrahi branglara degerli katkilar saglayarak, cerrahi komplikasyonlari en aza indirmeye yardimci olacaktir.

Anahtar Sézcikler: Bilgisayarli tomografi; cribriform plate; endoskopik sinis cerrahisi; ethmoid roof; Keros siniflandirmasi; olfaktor fossa.
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