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ABSTRACT
Objective: Maxillary growth is highly influenced by environmental factors. In some cases, facial growth in the horizontal plane is compro-
mised in favor of vertical growth. When a patient experiences excessive vertical facial growth, the frontal bone remains stable, whereas the 
maxilla and ethmoid gradually drop. We hypothesized that the lowering of the ethmoid could explain the gap between the ethmoidal notch 
and lamina cribosa and therefore be a cause of the differences in olfactory fossa depth.
Methods: We selected 201 consecutive CT sinonasal scans and analyzed 3D-reconstruction planes. Four indicators of excessive vertical 
facial growth were measured (saddle angle, sella-nasion-anterior maxilla [SNA] angle, indicator line, and facial index).
Results: The mean olfactory fossa depth was 5.63 mm. There was a statistically significant association (p<0.001) between olfactory fossa 
depth and the four indicators of excessive vertical facial growth combined. There was also an association between olfactory fossa depth and 
each indicator: facial index (p<0.001), saddle angle (p<0.001), SNA angle (p<0.001), and indicator line (p=0.001).
Conclusion: We found a statistically significant relationship between the four indicators of excessive vertical facial growth and the depth of 
the olfactory fossa. These results support our hypothesis, which states that the middle face drops in vertical facial growth, creating a gap in 
the olfactory fossa. Our results compel otolaryngologists to thoroughly check the depth of the olfactory fossa when treating patients with 
excess vertical facial growth scheduled for endoscopic sinus surgery.
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Introduction

“Long face syndrome” is well known in Otolaryngology. In facial 
growth, the complex formed by the pterigoids, sphenoid, and 
frontal bones remain stable despite excessive vertical facial 
growth (1). In contrast, maxillary growth is highly influenced 
by environmental factors. The maxilla grows in the horizon-
tal plane because of the pressure of the tongue, both during 
swallowing and when it rests against the palate (2). However, 
in some cases, when the tongue does not stimulate the max-
illa, growth in the horizontal plane is compromised in favor of 
vertical growth of the face.

There is a high prevalence of individuals with excessive vertical 
facial growth in the developed world (3) because of multiple 
factors such as rhinitis (4), adenoid hypertrophy (4), soft diet 
(5), septal deviation (6), overuse of pacifiers (7), and parafunc-
tional phonation and swallowing (8) among others.

There are several different cephalometric measurements that 
can be used to assess excess vertical facial growth, but there 
are discrepancies regarding which measurement describes it 
better. Some of the most used measurements are the angles 
formed by the cranial base, such as the saddle angle and sel-
la-nasion-anterior maxilla (SNA) angle (9); the distance be-
tween the incisors and the tip of the nose, measured using the 
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indicator line (10); and the relationship between the face width 
and height, measured using the facial index (11).

Currently, endoscopic sinus surgery is one of the most com-
mon surgeries in otolaryngology; however, it is not exempt 
from risk. To minimize the possibility of complications, it is of 
paramount importance to carry out a thorough preoperative 
study of anatomical variations in the CT scan, including the 
depth of the olfactory fossa (OF) (12).

The OF is located in the center of the horizontal portion of the 
frontal bone, in the ethmoidal notch. It is limited inferiorly by 
the lamina cribosa of the ethmoid and laterally by the lateral 
lamella. The ethmoid roof is not usually aligned with the frontal 
bone as it lies inferior to it. This gap between the frontal bone 
and the ethmoid roof is the depth of the OF, which was clas-
sified by Keros in 1962 into three categories, as follows (12):  
Keros I, 1-3 mm; Keros II, 4-7 mm; and Keros III: 8-16 mm (Fig-
ure 1). The most common variation is type II, followed by type 
III and, finally, type I. The lateral lamella of the OF is the thinnest 
region of the cranial base and therefore the point of maximum 
risk for iatrogeneous lesion at the cranial base. Approximately 
0.5%-1% of patients who undergo endoscopic sinus surgery 
develop major complications, including cerebrospinal fluid leak 
(13). Communication between the nasal cavity and intracrani-
al space increases the risk of meningitis and pneumocephalus, 
which often requires surgical repair.

When a patient suffers excessive vertical facial growth, the 
frontal bone remains stable while the maxilla and ethmoid 
gradually drop. We hypothesize that the drop of the ethmoid 

could explain the gap between the ethmoidal notch and the 
lamina cribosa and therefore be a cause for the differences in 
the depth of the OF. This study aimed to analyze the associ-
ation between excessive vertical facial growth and the depth 
of the OF.

Methods

Design and sample size
We conducted a descriptive study including 201 consecutive 
CT sinonasal scans performed at a tertiary hospital and ob-
tained independently of the diagnosis. The study period was 
from December 2016 to May 2017.

The inclusion criterion was having undergone a sinonasal CT 
scan. There was no restriction by age or illness. We reviewed 
the medical records of all patients to obtain data on their di-
agnosis and history of previous sinonasal surgery. For patients 
scheduled for sinonasal surgery, a pre-surgery CT scan was 
obtained, and patients without a pre-surgery CT scan were 
excluded. A further exclusion criterion was the CT scan not in-
cluding the insertion of the incisors.

Image study
CT scans were analyzed by an otolaryngologist (CC) and two 
radiologists (SA, SJ) using the Sectra DICOM viewer. The 
3D-reconstruction planes were obtained from axial images.

Prior to the analysis, we aligned the views in the three planes of 
study (coronal, axial, and sagittal).

Assessment of the depth of the olfactory fossa
We examined the coronal views to find the point of maximum 
depth of the OF. At that point we measured, in a perpendicu-
lar plane, the distance from the lamina cribosa inferiorly to the 
point of maximum height of the lateral lamella superiorly. Data 
from both sides were recorded.

Saddle angle assessment
The saddle angle is defined by points N (nasion), S (sella), and 
Ar (the intersection between the posterior margin of the as-
cending ramus and outer margin of the cranial base) (9).

We carried out saddle angle assessment using a CT scan in-
stead of teleradiography. The sagittal plane through the sep-
tum was selected. Two planes were defined, one adjacent to 
the posterior face of the clivus and the second adjacent to the 
cranial base. The angle at the intersection of the two planes 
was measured (Figure 2).

Main Points:

•	 Excessive vertical facial growth is statistically related to an 
increase in the depth of the olfactory fossa. These results 
support our hypothesis, which states that the middle face 
drops in vertical facial growth, creating a gap in the olfactory 
fossa.

•	 We found Keros II (76.29%) to be the most prevalent. Less fre-
quently, we observed Keros III (13.92%), followed by Keros I 
(9.79%).

•	 Otolaryngologists should pay attention to facial growth, 
which is related to our field in several areas.

•	 Our results will compel otolaryngologists to thoroughly check 
the depth of the OF when examining a patient with excess 
vertical facial growth who is undergoing endoscopic sinus 
surgery.

Figure 1. a-c. Keros classification: (a) Keros I (1 mm), (b) Keros II (5.7 mm), (c) Keros III (11.6 mm)
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SNA angle
The SNA angle is defined by points S (sella), N (nasion), and A 
(the most concave point of the anterior maxilla) (14).

We measured the SNA angle in a CT scan using the sagittal 
plane through the septum (Figure 2).

Indicator line
The indicator line was defined by Mew (10). We used an adap-
tation of the indicator line as most sinonasal CT scans do not 
include teeth. We defined a plane parallel to the Frankfort plane 
in the point of maximum projection of the nose. The indicator 
line was measured from the eruption of the crown of the inci-
sors in the maxilla, tangent to the columella, to the intersection 
with the aforementioned horizontal plane (Figure 2).

Facial index
Facial index is defined as the ratio  between the length and 
width of the face (11). We used an adaptation of it as sinonasal 
CT scans do not include the jaw. The maximum width between 
both zygomata was measured in a coronal plane. The length 
of the face was measured in a sagittal plane through the sep-
tum as the distance between the radix and the eruption of the 
crown of the incisors, parallel to the vertical plane (Figure 2).

Ethic committee approval
The study was performed in accordance with the ethical stan-
dards outlined in the Declaration of Helsinki. The study proto-
col was approved by the Research and Ethics Committee of the 
Hospital of Santiago de Compostela, register code 2017/038.

Statistical analysis
To analyze the associations between indicators of excessive 
vertical facial growth and the depth of OF, we used linear re-
gression where the independent variable was each indicator of 
facial growth and the dependent variable was the depth of the 
OF. We used the ANOVA test and Kruskal-Wallis test when the 
variables did not follow a normal distribution. We had previous-
ly checked the normality of the variables using the Kolmogor-
ov-Smirnov test.

Furthermore, we studied the difference between the depths 
of the OF on the right and left sides, applying the independent 
samples T-test.

Statistical significance was determined at p<0.05; statistical 
analysis was carried out using the IBM Statistical Package for 
Social Sciences version 23.0 (IBM Corp.; Armonk, NY, USA).

Results

Participants
Of the 201 CT sinonasal scans initially selected, 7 were exclud-
ed because both the olfactory fossa and the radix were not in-
cluded in the CT scan.

One CT scan was excluded because the zygomatic arches were 
not shown and 38 more were excluded because the insertions 
of the incisors were not included. Although these last 38 scans 
were excluded from the study, they were considered when an-
alyzing the depth of the OF.

Four scans did not include the tip of the nose and were, con-
sequently, not suited to study the indicator line. However, they 
were used to analyze the facial index and the depth of the OF.

One participant had a  firearm-related  injury  of the clivus; 
therefore, the scan was excluded from the assessment of the 
saddle angle.

The final sample consisted of 194 CT sinonasal scans. There 
were 102 women (52.58%) and 92 men (47.42%). The median 
age was 53.66 years, and the interquartile range (25%-75% 
percentile range) was 38.87-67.52.

Depth of the olfactory fossa - Keros
A description of the depth of the OF is shown in Table 1.

The mean depth on the right side was 5.68 mm (95% CI 5.35-
6.01), and on the left it was 5.57 (95% CI 5.25-5.90). There 

Table 1. Depth of the olfactory fossa

Depth of the 
olfactory fossa

Right (mm) 
(n=194)

Left (mm) 
(n=194)

Total (mm)

Mean 5.68 (CI 95% 
5.35-6.01)

5.57 (CI 95% 
5.25-5.90)

5.63

Keros type I 20 (10.31%) 18 (9.23%) 38 (9.79%)

Keros type II 143 (73.71%) 153 (78.87%) 296 (76.29%)

Keros type III 31 (15.98%) 23 (11.86%) 54 (13.92%)

Figure 2. a-d. Measurements: (a) saddle angle: (CB) cranial base plane, 
(C) clivus plane. (b) SNA angle: sella (S), nasion (N), point a (A). (c) 
Indicator line: (IL) indicator line, (black arrow) horizontal plane. (d,e) 
Facial index: (N) nasion, (Z) zygoma, (I) incisors’ crown eruption

a

d e

c

b
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were no statistically significant differences between the two 
sides (p=0.694).

The mean asymmetry between sides was 1.22 mm (95% CI 
1.08-1.36). In 44.33% of participants, there was asymmetry 
greater than 1 mm, and in 5.67%, it was greater than 3 mm.

Excessive vertical facial growth

Facial index
In total, 153 participants were assessed. The mean facial index 
was 0.54 (95% CI 0.53-0.55, standard deviation 0.04, range 
0.45-0.64, interquartile range 0.51-0.57).

The facial index had a normal distribution (p=0.09).

Saddle angle
A total of 157 participants were assessed. The mean was 
123.95° (95% CI 123.01-124.89, SD 6.64, range 71.3-140, in-
terquartile range 120.45-128).

The saddle angle did not have a normal distribution (p = 0.02).

SNA angle
In this instance, 157 participants were assessed. The mean was 
87.02° (95% CI 86.04-88, standard deviation 6.2, range 71.1-102.4).

The SNA angle had a normal distribution (p=0.2).

Indicator line
In total, 149 participants were assessed. The mean was 40.64 
(95% CI 39.81-41.48, standard deviation 5.15, range 19-56.4, 
interquartile range 37.55- 43.90).

The indicator line values were not normally distributed (p=0.02).

Relationship between the depth of the OF and excessive 
vertical facial growth
We analyzed the four indicators of excessive vertical facial 
growth combined as independent variables, and the total 
depth of the OF as the dependent variable. There was a statis-
tically significant difference (p<001).

We also analyzed each indicator of excessive vertical facial 
growth independently. There were statistically significant dif-
ferences for the facial index (p<0.001), saddle angle (p<0.001), 
SNA angle (p<0.001), and the indicator line (p=0.001).

A graphical representation of the correlations between vari-
ables can be seen in Figure 3.

Discussion

Pre-surgery CT-scanning is an important safety-associated 
factor in endoscopic sinus surgery. It is always critical, particu-
larly for inexperienced surgeons, to check the depth of the OF 
(12), especially in patients with advanced sinonasal disease and 
reinterventionS (15). Therefore, knowledge of this anatomical 
variation and the factors related to it is of paramount impor-
tance. This is the first study to observe a potential cause for 
variation in the depth of the OF, as it was assumed that it was 
an anatomical variation without a cause until now.

We found a statistically significant relationship between the 
four indicators of excessive vertical facial growth and the 
depth of the OF. These results support our hypothesis, which 
states that the middle face drops when there is excessive ver-
tical facial growth, creating a gap in the OF. Our hypothesis is 
further supported by the work of Anderhuber, who found that 
before the age of 2 years, a deep OF is less common (16), as ex-
cessive vertical facial growth becomes more evident only from 
the age 2 years onward (17).

The relationship found is not perfectly linear. We found pa-
tients with severe excessive vertical facial growth and a shal-
low OF and vice versa. It can be concluded that excessive ver-
tical facial growth may be only one of multiple etiologic factors 
for a deep olfactory fossa.

This association, although significant, was lower for the indi-
cator line. While some authors have highlighted the indicator 
line as the most reliable method of determining whether the 
maxilla is in a retruded position (17), we found some difficul-
ties measuring it as several patients had no teeth and their al-
veolar bone was retruded. Furthermore, some elderly patients 
had a ptosis of the nasal tip due to the loss of elastin with 
age, which might have altered this measurement. We believe 
the indicator line is more suitable for pediatric than for adult 
patients.

We found a significant correlation between the depth of the 
OF and the saddle angle. When a patient suffers excess vertical 
facial growth, the middle face and the clivus become retruded, 
creating a more obtuse saddle angle. Even though the saddle 
angle is a highly valuable measurement, Trotman (18) et al. 
found that excess vertical facial growth is associated with a 
proportional reduction in the length of the cranial base, there-
by modifying the angles related to the cranial base (SNA and 
SNB), which then do not change as is expected. Consistent 
with this, we found a narrow range of results, with an inter-
quartile range of only 8 degrees. Our findings support the ob-
servation made by Trotman (18) et al. that although the saddle 
angle is more obtuse when there is an excess of vertical facial 
growth, the increase in the angle is not as great as one would 
expect (18).

Figure 3. Correlation between the depth of the olfactory fossa and 
vertical facial growth indicators
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The depth of the OF is usually asymmetric. In our work, we 
found asymmetry in 44.33% of participants, although the 
asymmetry was severe (>3 mm) in only 5.67% of participants. 
Those cases are important as this asymmetry could mislead 
the surgeon during surgery. According to our hypothesis, facial 
growth could also explain the asymmetry as facial growth is 
also frequently asymmetric, related to asymmetries in masti-
catory muscle activity during chewing.

With regard to Keros prevalence, we found Keros II (76.29%) 
to be the most prevalent. This is similar to published data and 
almost the same prevalence was found by Skorek et al (19), but 
a higher prevalence than reported by the rest of the studies 
published to date (20-24). Less frequently, we observed Ker-
os III (13.92%), followed by Keros I (9.79%). All other authors 
have reported the same result, except V and Santosh (23) and 
Adeel et al (21). who reported Keros type I as the second most 
prevalent form.

A strength of our study is the sample size. We included a large 
sample (n=201) from the same healthcare delivery area. Sko-
rek  et al. (19) studied 120 patients; Saglam  et al. (20); Erdogan  
et al. (22); Adeel  et al. (21); V and Santosh (23);  and Alrumaih  
et al. (24). A further strength of our work is the use of CT, a 
precise imaging procedure, as most papers related to cepha-
lometry are based on photography and teleradiography.

A limitation of our work is the high rate of lost participants. An-
other weakness is that we had to adapt the instruments used 
to measure facial growth. It prevented us from comparing our 
results with published data. Finally, with our sample size, we 
were not able to determine whether these differences vary 
with age or with a particular disease.

Finally, our study draws two major conclusions. First, it rein-
forces the fact that otolaryngologists should pay attention 
to facial growth, which is related to our field in several areas. 
Second, our results will compel otolaryngologists to thoroughly 
check the depth of the OF when examining a patient with ex-
cess vertical facial growth who is undergoing endoscopic sinus 
surgery.
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