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ABSTRACT

Objectives: The aim of this retrospective study was to evaluate the morphology of the olfactory fossa in the Turkish population 
using cone-beam computed tomography according to Keros classification and to investigate the effect of age, gender and nasal 
septum deviation on the olfactory fossa.
Material and Methods: Olfactory fossa (OF) were analysed in coronal sections on cone-beam computed tomography images 
of 385 individuals. Nasal floor (NF), medial ethmoid roof point (MERP), cribriform plate (CP) heights, CP depth and width, 
OF width, lateral lamella-cribriform plate angle (LLCPA), and nasal septum deviation angle (NSDA) were measured. Keros 
and Gera classifications were made according to the measurements.
Results: According to the Keros classification, 137 of 770 OFs were type I (17.8%), 554 (71.9%) were type II, and 79 (10.3%) 
were type III. The most common combination was Keros type II and Gera type II (45.6%). There was a positive correlation 
between CP depth and LLCP angle, NF, MERP and CP heights (P ≤ 0.05). NF, MERP, and CP heights, CP depth and LLCP 
angle were statistically significant differences according to Keros classification (P ≤ 0.05). Only the right LLCP angle showed 
a statistically significant difference according to the NSD sides (P = 0.014).
Conclusions: The study shows that the lateral lamella-cribriform plate angle increases as the cribriform plate depth increases. 
This result suggests that it may moderate the risk during endoscopic sinus surgery. Also, according to the nasal septum 
deviation sides, the dimensions of the olfactory fossa did not change significantly, except for the lateral lamella-cribriform 
plate angle.
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INTRODUCTION

The olfactory fossa (OF) is located in the anterior 
cranial fossa and contains the olfactory nerve. Fovea 
ethmoidalis (FE), which is an important component 
of OF, is part of the frontal bone. FE contributes 
to the formation of the roof of the ethmoid bone 
labyrinth and separates the ethmoidal air cells from 
the anterior cranial fossa. There is a lateral lamella of 
the cribriform plate (LLCP) to which it is articulated 
medially. LLCP is the area most susceptible to 
iatrogenic damage during endoscopic sinus surgery 
(ESS) because of its very thin bone structure [1,2].
ESS is a treatment method used in the treatment 
of chronic rhinosinusitis. It is also a procedure 
performed in nasal polyposis, mucocele, sellar and 
parasellar tumours, optic nerve decompression 
and other intracranial lesions. ESS is frequently 
performed, but minor and major complications may 
occur. Minor complications occur in 1.1 to 20.8% 
of procedure, and major complications occur in 0 to 
1.5% [3]. Minor complications include bleeding, 
ostial stenosis, infection, insensitivity of the teeth 
or lips, and recurrence. Major complications are 
cerebrospinal fluid leak, eye damage, meningitis, and 
intracranial injuries. To reduce the risk and prevent 
complications, the anatomical formations in the skull 
base and the variations that may be encountered 
should be well researched and recognized [4].
Keros classification is of clinical importance for 
ESS and is frequently used. In this classification, the 
vertical distance between the cribriform plate (CP) 
and the ethmoid roof is measured and divided into 
three types according to the size of this distance. Type 
I (1 to 3 mm) is considered the safest type because 
it has less depth. Type II (4 to 7 mm) has acceptable 
reliability. Type III (8 to 16 mm) is considered 
dangerous since the distance between the ethmoid 
roof and the CP level is considerably greater. As the 
depth of CP increases, the risk of complications 
during ESS increases [5,6]. However, Keros 
classification remains limited in defining the risk of 
penetration due to the curved shape of the skull. It 
is recommended to evaluate the Gera classification 
as well as the Keros classification. In the Gera 
classification; the angle between the horizontal plane 
continuing from the CP and lateral lamella (LL) and is 
evaluated and divided into three types: type I (> 80°, 
low risk), type II (45° to 80°, moderate risk), and type 
III (< 45°, high risk) [7].
In patients undergoing surgery, evaluation of 
both classifications with appropriate imaging 
methods of the region is beneficial to reduce the 

risk. Computed tomography (CT), which provides 
detailed information about the paranasal sinus 
anatomy, is accepted as the standard imaging method 
before ESS [8]. However, diagnostic imaging of 
this region and adjacent areas can be realized with 
cone-beam computed tomography (CBCT), which 
is frequently used in dentistry. Compared to CT, 
CBCT has advantages such as, lower radiation, lower 
exposure time, fewer metal artifacts, and lower priced 
equipment. However, the lower soft-tissue resolution 
is achieved with CBCT [9].
The objectives of this retrospective study were to 
investigate the morphology and size of olfactory 
fossa in coronal sections using cone-beam computed 
tomography, to examine the differences according to 
age and gender, and also to evaluate the relationship 
of nasal septum deviation and degree with this region.

MATERIAL AND METHODS
Ethical approval

Ethical approval was obtained from Izmir Katip 
Celebi University, Non-lnterventional Clinical 
Studies Ethical Committee (02.07.2020, IRB:832). 
All procedures followed were in accordance with the 
ethical standards of the responsible committee on 
human experimentation (institutional and national) 
and with the Helsinki Declaration of 1975, as revised 
in 2008. Informed consent was obtained from all 
patients for being included in the study.

Subjects

In this study, images of 385 patients, whose CBCT 
records were for various reasons obtained between 
January 2015 and February 2020, in the Department 
of Oral and Maxillofacial Radiology, Faculty of 
Dentistry, Izmir Katip Celebi University (Izmir, 
Turkey), were analysed retrospectively. Exclusion 
criteria were the presence of craniofacial deformity or 
syndrome, nasal masses causing bone erosion, history 
of trauma, lip-palate cleft, nasal surgery history, 
artefacts that may prevent interpretation of image.

CBCT imaging

All of the CBCT images used were obtained using 
CBCT (NewTom 5G; Quantitative Radiology, Verona, 
Italy) device operating at 110 kVp. CBCT images 
taken in 15 × 12 cm field of view range and 0.2 mm 
voxel size were used. Digital images were analysed 
using NNT (NNT Software Version 8.0; NewTom; 
Italy) computer software.
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Assessment of CBCT images

Measurements were made in sections with infraorbital 
nerves visible on both sides and are described below:
1. Nasal floor (NF) height, medial ethmoid reference 

point (MERP) height, CP height: The distance 
between the MERP (the point where the ethmoid 
roof joins medially to the LLCP) and the NF was 
measured. A horizontal plane was created passing 
through the infraorbital nerves on both sides. The 
vertical distance between this horizontal plane and 
MERP was defined as MERP height. The vertical 
distance between CP and this horizontal plane was 
defined as the height of CP. Measurements were 
carried out bilaterally and between the sides were 
compared (Figure 1).

2. CP depth and Keros classification: CP depth was 
determined by measuring the distance between 
MERP and CP. It was classified into 3 types 
according to Keros classification: type I (1 to 
3 mm), type II (4 to 7 mm) and type III (8 to 16 
mm) (Figure 2) [10].

3. Width of OF and CP: The horizontal width of the 
CP was measured bilaterally. The width of OF 
was measured bilaterally from the midpoint of the 
MERP point and the CP (Figure 1).

4. Lateral lamella-cribriform plate angle (LLCPA): 
The angle between LL and the horizontal 
plane continuing from CP was evaluated and 
divided into three types according to the Gera 
classification: type I (> 80°), type II (45° to 80°) 
and type III (< 45°) (Figure 3) [11].

5. Nasal septum deviation (NSD) side and angle: 

Figure 1. The measurements of olfactor fossa (OF) in coronal 
section. Green line = nasal floor height; blue line = medial etmoid 
roof point height; purple line = cribriform plate (CP) height; white 
line = CP depth; yellow line = OF width; orange line = CP width; red 
line = the horizontal plane passing through the infraorbital foramen 
on both sides.

Figure 2. Keros classification: A = type I; B = type II; C = type III.

C

B

A

Figure 3. The measurement of the lateral lamella cribriform plate 
angle.
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NSD side classified as right and left. The NSD 
angle (NSDA) was measured as the angle between 
the midpoint of the CP and the most prominent 
bone point of the deviated septum (Figure 4).

All measurements were made by one observer - oral 
and maxillofacial radiologist (C.Ö.K.). To determine 
intra-observer consistency, linear measurements were 
repeated 4 weeks later on images of 77 individuals 
(20% of images) randomly selected by the same 
observer. The intra-observer reliability was evaluated 
using the intra-class correlation coefficient for all 
variables, and the intra-class correlation coefficients 
were between 0.87 and 0.92.

Statistical analysis

The data obtained were assessed using descriptive 
statistical methods (mean, frequency, percentage). 
Kolmogorov-Smirnov test was used to evaluate the 
data distribution. The t-test and one-way ANOVA 
were used when testing the differences between 
the normally distributed group averages. Pearson’s 
correlation test was used to evaluate the correlation 
between measurements. The Chi-square test was used 
to compare categorical variables. Parametric and non-
parametric data were expressed as mean and standard 
deviation (M [SD]). Statistical analysis was performed 
using IBM SPSS Version 26 (IBM Inc.; Chicago, 
Illinois, USA). The significance level (P-value) was 
accepted as 0.05.

RESULTS

In this study, the morphological evaluations of OF 
were made on images of 385 individuals aged 9 to 77 
years (38 [17] years). The study group consisted of 
290 female and 95 male.
Table 1 presents the mean of NF, MERP and CP 
heights, CP depth, CP and OF widths, LLCPA 
measured in coronal sections and shows their 
differences according to age groups, gender, 
side, Gera classification and Keros classification. 
While the mean of NF height and CP width were 
statistically significantly higher in males, the mean of 
OF width was found to be higher in females. It was 
observed that the mean heights of NF and MERP 
were statistically significantly higher at the age of 61 
and over. Statistically, a significant difference was 
found between the right side and left side in mean 
NF, MERP and CP heights, CP depth and LLCPA 
(P ≤ 0.05). NF, MERP, and CP heights, CP depth 
and LLCPA were statistically significant differences 
according to Keros classification (P ≤ 0.05). 

The mean of NF and MERP heights, CP depth, CP 
width, and LLCPA were statistically significant 
differences according to Gera classification (P ≤ 0.05). 
There was a positive correlation between CP depth 
and LLCPA, NF, MERP, CP heights (P ≤ 0.05). There 
was a negative correlation between the OF width and 
the CP depth, NF, MERP heights (P ≤ 0.05) (Table 2).
According to Keros classification in total 770 
olfactory fossae, type I was in 137 (17.8%), type II in 
554 (71.9%) and type III in 79 (10.3%). According to 
Gera classification, type I was in 267 (34.7%), type II 
in 485 (63%) and type III in 18 (2.3%). There was no 
statistically significant difference in Gera and Keros 
classification according to gender, age groups and 
sides (P > 0.05). 
Table 3 shows the Gera and Keros classifications 
together for both sides. The most common 
combination was Keros type II and Gera type II 
(45.6%), and the least was Keros type II and Gera 
type III (1%). Keros type III and Gera type III were 
not seen together. 
Table 4 presents the comparison of right and left sides 
according to the Keros classification. Accordingly, 
271 (70.3%) of 385 olfactory fossa were symmetrical. 
Asymmetry was also evaluated according to the 
difference between the right and left CP depths. The 
asymmetry of ≤ 1 mm was observed in 196 individuals 
(50.9%), 1 to 2 mm in 98 individuals (255%), > 2 mm 
in 68 individuals (17.7%). In 23 OF only women, both 
sides were found to be equal millimetres. There was 
no statistically significant difference in asymmetry 
according to gender (P = 0.58).
Table 5 shows the relationship of NF, MERP and CP 
heights, CP depth, CP and OF widths, LLCPA with 
the sides of the NSD. Only the right LLCPA showed 
a statistically significant difference according to the 
NSD sides (P = 0.014).

Figure 4. The measurement of the nasal septum deviation angle.
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Table 1. The OF dimensions in coronal section according to the general, gender, age groups, Keros and Gera classifications

N
NF height MERP 

height CP height CP depth CP width OF width LLCPA

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
General 770 50.44 (3.2) 26.35 (2.8) 20.66 (2.53) 5.67 (1.62) 2.72 (0.5) 3.51 (0.7) 74.16° (12.02°)
Gender
Female 290 49.94 (2.93) 26.39 (2.76) 20.68 (2.52) 5.69 (1.61) 2.67 (0.5) 3.43 (0.71) 74.55° (11.92°)
Male 95 51.97 (3.52) 26.21 (2.91) 20.59 (2.61) 5.62 (1.64) 2.84 (0.47) 3.77 (0.62) 72.97° (12.32°)
P-value 0.000a 0.6 0.759 0.717 0.004a 0.000a 0.269
Age groups 
9 - 18 83 49.65 (2.58) 26.28 (2.51) 20.64 (2.49) 5.63 (1.7) 2.73 (0.5) 3.61 (0.72) 76.42° (12.83°)
19 - 30 70 50.21 (3.77) 26.57 (3.14) 20.55 (2.63) 6.02 (1.67) 2.77 (0.56) 3.48 (0.77) 74.9° (10.7°)
31 - 45 76 50.09 (2.8) 25.66 (2.5) 20.27 (2.51) 5.38 (1.49) 2.71 (0.43) 3.43 (0.66) 73.99° (11.53°)
46 - 60 112 50.66 (3.02) 26.31 (2.77) 20.69 (2.57) 5.61 (1.44) 2.66 (0.51) 3.48 (0.62) 72.71° (11.84°)
61 - 77 44 52.35 (3.69) 27.36 (3.05) 21.47 (2.33) 5.86 (1.96) 2.76 (0.49) 3.61 (0.81) 72.70° (13.43°)
P-value 0.000b 0.027b 0.168 0.163 0.631 0.436 0.242
Side
Right 385 50.21 (3.34) 26.1 (2.96) 20.5 (2.54) 5.59 (1.79) 2.73 (0.58) 3.49 (0.75) 72.23° (13.76°)
Left 385 50.67 (3.33) 26.59 (2.89) 20.82 (2.58) 5.76 (1.81) 2.7 (0.63) 3.54 (0.86) 76.09° (14.41°)
P-value 0.000a 0.000a 0.000a 0.038a 0.405 0.242 0.000a

Keros classification 
Type I 137 48.28 (2.97) 24.45 (2.48) 21.11 (2.53) 3.3 (0.83) 2.66 (0.67) 3.53 (0.81) 66.82° (15.71°)
Type II 554 50.61 (3.18) 26.4 (2.75) 20.6 (2.59) 5.79 (1.15) 2.72 (0.6) 3.53 (0.82) 75.1° (13.29°)
Type III 79 53.01 (2.79) 29.24 (2.41) 20.30 (2.34) 8.93 (0.87) 2.80 (0.48) 3.38 (0.64) 80.26° (13.95°)
P-value 0.000b 0.000b 0.049b 0.000b 0.249 0.286 0.000b

Gera classification
Type I 267 50.92 (3.2) 26.78 (2.82) 20.46 (2.56) 6.29 (1.82) 2.77 (0.53) 3.41 (0.79) 88.82° (9.15°)
Type II 485 50.24 (3.41) 26.17 (2.96) 20.76 (2.55) 5.40 (1.7) 2.68 (0.63) 3.53 (0.82) 67.18° (8.1°)
Type III 18 48.93 (2.51) 24.72 (2.76) 20.85 (2.94) 3.86 (1.13) 2.95 (0.64) 3.77 (0.58) 44.80° (16.91°)
P-value 0.004b 0.001b 0.293 0.000b 0.032b 0.281 0.000b

aStatistically significant at level P ≤ 0.05 (independent samples t-test).
bStatistically significant at level P ≤ 0.05 (ANOVA test).
N = number of patients, OF = olfactor fossa; SD = standard deviation; NF = nasal floor; MERP = medial etmoid roof point; CP = cribriform 
plate; LLCPA = lateral lamella cribriform plate angle.

Table 2. Correlation and significance values between measurements

 NF height MERP height CP height CP depth CP width OF width LLCPA

NF height 1 r = 0.61b 
(P = 0.000)

r = 0.43b 
(P = 0.000)

r = 0.39b 
(P = 0.000)

r = -0.004 
(P = 0.934)

r = -0.1a 
(P = 0.037)

r = 0.17b 
(P = 0.001)

MERP height - 1 r = 0.82b 
(P = 0.000)

r = 0.44b 
(P = 0.000)

r = -0.002 
(P = 0.975)

r = -0.14b 
(P = 0.005)

r = 0.21b 
(P = 0.000)

CP height - - 1 r = 0.14a 
(P = 0.004)

r = -0.006 
(P = 0.904)

r = -0.09 
(P = 0.065)

r = 0.01 
(P = 0.851)

CP depth - - - 1 r = 0.01 
(P = 0.847)

r = -0.101a 
(P = 0.047)

r = 0.34b 
(P = 0.000)

CP width - - - - 1 r = 0.61b 
(P = 0.000)

r = 0.06 
(P = 0.222)

OF width - - - - - 1 r = -0.08 
(P = 0.106)

LLCPA - - - - - - 1

aStatistically significant at level P ≤ 0.05 (Pearson’s correlation test).
bStatistically significant at level P ≤ 0.01 (Pearson’s correlation test).
NF = nasal floor; MERP = medial etmoid roof point; CP = cribriform plate; LLCPA = lateral lamella cribriform plate angle.
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Right NSD was found in 218 and left NSD in 167 of 
385 individuals. There was no statistically significant 
difference in NSD sides according to gender (P = 
0.139). The NSDA of females was 5.7° (2.6°) and 6.1° 
(2.7°) for males. There was no statistically significant 
difference in NSDA according to age groups and 
gender (P = 0.759, P = 0.145).

DISCUSSION

The CT evaluation of the nose and paranasal sinus is 
important in the evaluation of patients before ESS. 
OF asymmetries, anatomical variations of LLCP and 
CP are critical in ESS, as they can have dangerous 
consequences. CT has made a great contribution to 
the evaluation of many diseases such as nasal and 
sinus diseases and important anatomical regions [3]. 
Demeslay et al. [12] confirmed the benefit of CBCT 
for paranasal imaging. They reported that CBCT gave 
equivalent results in the assessment of CP and OF 
with lower doses relative to CT. However, few studies 
have evaluated OF using CBCT [6,13-15]. Therefore, 
in this study, we showed that the region of OF can 
be evaluated with CBCT and to provide a detailed 
examination of the relevant region.
The mean CP depth in the studies by Karatay et 
al. [16], Babu et al. [17], and Salroo et al. [18] was 
4.89, 5.26 and 5.08 mm, respectively. They observed 
a significant difference in CP depth between men and 

Table 3. Co-distribution of the Gera and Keros classifications

Gera
classification

Keros classification
Type I Type II Type III Total
N (%) N (%) N (%) N (%)

Type I 26 (3.4) 195 (25.3) 46 (6) 267 (34.7)
Type II 101 (13.1) 351 (45.6) 33 (4.3) 485 (63)
Type III 10 (1.3) 8 (1) 0 (0) 18 (2.3)
Total 137 (17.8) 554 (71.9) 79 (10.3) 770 (100)

N = number of sides.

Table 4. Distribution of Keros classification according to sides

Keros
classification-

left

Keros classification-right
Type I Type II Type III Total
N (%) N (%) N (%) N (%)

Type I 32 (8.3) 25 (6.4) 1 (0.3) 58 (15)
Type II 46 (11.9) 221 (57.4) 20 (5.1) 287 (74.5)
Type III 1 (0.3) 21 (5.4) 18 (4.6) 40 (10.5)
Total 79 (20.5) 267 (69.3) 39 (10.1) 385 (100)

N = number of patients.

Table 5. Comparison of measurement results on the sides according 
to the NSD side

NSD right NSD left
P-value

Mean SD Mean SD

NF height 
Right 50.16 3.38 50.28 3.3 0.708
Left 50.51 3.52 50.89 3.05 0.261

MERP height 
Right 25.96 2.99 26.28 2.92 0.302
Left 26.41 2.92 26.83 2.84 0.163

CP height 
Right 20.47 2.47 20.53 2.63 0.822
Left 20.72 2.57 20.95 2.59 0.388

CP depth 
Right 5.47 1.83 5.74 1.74 0.148
Left 5.68 1.75 5.85 1.89 0.371

CP width 
Right 2.72 0.63 2.75 0.52 0.558
Left 2.69 0.6 2.72 0.66 0.647

OF width 
Right 3.47 0.77 3.52 0.71 0.518
Left 3.52 0.84 3.57 0.88 0.562

LLCPA 
Right 70.2 13.43 74.2 13.98 0.014a

Left 76.06 14.61 76.13 14.2 0.965

aStatistically significant at level P ≤ 0.05 (Paired samples t-test).
NF = nasal floor; MERP = medial etmoid roof point; CP = cribriform 
plate; OF = olfactor fossa; LLCPA = lateral lamella cribriform plate 
angle; NSD = nasal septum deviation.

women [16-18]. While Skorek et al. [19] reported 
that there was no statistically significant difference 
in CP depth according to gender, age and side, they 
reported a significant difference in OF and CP widths 
according to gender. In our study, the mean CP depth 
was 5.67 mm and there was no statistically significant 
difference according to gender and age groups. 
The mean widths of OF and CP were statistically 
significant in our study. Unlike other studies, in our 
study, the mean CP depth was statistically significant 
according to the side [1,13,16]. The mean CP depth 
on the left was greater than the right. Also, NF, 
MERP and CP heights, and LLCPA were statistically 
significant according to the side. 
Unlike previous studies, the relationship between the 
Keros and Gera classifications and the measurements 
performed was investigated in our study. NF, MERP 
and CP heights and LLCPA showed statistically 
significant differences according to Keros 
classification. While the highest NF, MERP heights 
and LLCPA were observed in type III, the highest CP 
height was observed in type II. NF and MERP heights, 
CP depth, CP width and LLCPA showed statistically 
significant differences according to Gera classification.
Gera et al. [11] reported a positive correlation between 
CP depth and LLCPA. Abdullah et al. [7] reported a 
positive correlation between CP depth and LLCPA, 
MERP and CP heights. In our study, while there was 
a significant positive correlation between CP depth 



http://www.ejomr.org/JOMR/archives/2021/3/e3/v12n3e3ht.htm J Oral Maxillofac Res 2021 (Jul-Sep) | vol. 12 | No 3 | e3 | p.7
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH Özeren Keşkek and Aytuğar

and NF, MERP and CP heights and LLCPA, there was 
a significant negative correlation between CP depth 
and OF width. It is noteworthy that there is a positive 
correlation between CP depth and LLCPA. According 
to the Keros classification, increasing the depth of 
CP means increasing the risk, while increasing the 
LLCPA in the Gera classification means decreasing 
the risk. If it is interpreted in line with the data we 
have obtained, the increase in the depth of CP, while 
the increase in the LLCPA ensures that the current risk 
remains moderate.
In our study, the most common were Keros type II 
(71.9%), followed by Keros type I (17.8%), Keros 
type III (10.3%). While a few studies reported the 
most common Keros type I [1,2,7,20,21], most studies 
were the most common type II [3-5,8,13-15,17-19,22-
28], consistent with our study. The distributions 
according to the Keros classification in the studies 
conducted in the Turkish population are presented in 
Table 6.
Skorek et al. [19], Abdullah et al. [7] reported the rate 
of asymmetry according to the Keros classification as 
20% and 26%, respectively. We determined the rate 
of OF showing asymmetry according to the Keros 
classification as 29.7% (Figure 5). Some researchers 
evaluated the asymmetry in OF with the difference 
between right and left CP heights. They classified this 
difference as ≤ 1 mm, 1 to 2 mm, > 2 mm. Kaplanoglu 
et al. [4], Erdogan et al. [23], Babu et al. [17] reported 
that the rate of OF with a difference of ≤ 1 mm was 
89%, 50.9%, and 64.5%, respectively. In our study, 
among 362 individuals with asymmetry, 196 (54.1%) 
had a difference of ≤ 1 mm, 98 (27.1%) a difference 
of 1 to 2 mm, and 68 (18.8%) a difference of > 2 mm 
between the two sides.
Gera et al. [11] reported that the mean LLCPA was 
71.7° and they detected the most common type II 
(62.7%). Abdullah et al. [7] reported that detected the 
mean LLCPA of 70.1° and the most common type II 
(72.3%). In our study, the mean LLCPA was found 

Figure 5. Asymmetric olfactory fossa examples: A = type III on the left, type I on the right; B = type II on the left, type III on the right.

BA

Table 6. Keros classification in studies conducted in Turkish 
population

Study Imagine
technique

Number of
patients

Type I
(%)

Type II
(%)

Type III
(%)

Kaplanoglu et 
al. [4] CT 500 13.4 76.1 10.5

Bayrak et. al. [6] CBCT 225 13.8 75.1 11.1
Erdem et al. [8] CT 136 8.1 59.6 32.3
Karatay et al. 
[16] CT 522 30.8 66.7 2.4

Asal et al. [22] CT 300 16 67.7 16.3
Erdogan et al. 
[23] CT 110 10 67.7 22.3

Yenigun et al. 
[25] CT 184 26 56 18.9

Güler et al. [26] CT 300 26 66 8
Sari et al. [27] CT 516 20.3 51.9 27.7
Yazici et al. [28] CT 150 9.3 54 36.7
Present Study CBCT 385 17.8 71.9 10.3

CT = computed tomography; CBCT = cone-beam computed 
tomography.

to be 74.1°, which is a higher value than in previous 
studies. According to the Gera classification, the 
most common were type II (62.9%), consistent with 
previous studies. The reason for the higher LLCPA 
may be the population differences in the studies.

CONCLUSIONS

Keros and Gera classifications help the safe approach 
to evaluate the olfactory fossa before endoscopic 
sinus surgery. The main focus of the presented study 
was to evaluate the olfactory fossa using cone-beam 
computed tomography and to provide safe dimensions 
with measurement results for the endoscopic sinus 
surgery. The study showed that there is a positive 
correlation between lateral lamella-cribriform 
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plate angle and cribriform plate depth. And this 
suggests that it may moderate the risk. In addition, 
cone-beam computed tomography is useful in 
preoperative examination of patients with diseases in 
the sinonasal region and adjacent structures.
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