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ABBREVIATIONS

AET – anterior ethmoid artery 
CSF – cerebrospinal fluid 
CT – computed tomography 
LLCP – lateral lamella of the cribriform plate 
MPR – multiplanar reconstructions 
UAUP – upper attachment of the uncinate process 
UP – uncinate process

INTRODUCTION

Approach to the frontal sinus ostium is preceded by the removal 
of the most superior part of the uncinate process [1]. In the case of 
anterior skull base configuration i.e. Keros type III, Yenigun type III, 
surgical dissection medially towards the upper attachment of the 
uncinate process (UAUP) may cause fracture in the lateral lamel-
la of the cribriform plate (LLCP). This may result in unintended 
cerebrospinal fluid (CSF) leak. Furthermore, the increased length 
and slant of the lateral lamella of the cribriform plate (LLCP) in-
crease the probability of CSF leak during surgical manipulations. 
Moreover, bleeding from the anterior ethmoid artery (AEA) pos-
es an additional risk from surgical point of view, as it impedes  

visualization of the frontal region. AEA traverses at variable distances 
from the ethmoid roof, then transfixes LLCP and enters the olfactory 
fossa. For that reason, particular attention has to be given to UAUP 
removal as this anatomical structure is placed anteriorly to the fron-
tal recess [2]. Negligence in UAUP removal may also impede natural 
function of the frontal sinus. Indeed, understanding the physiology 
around the frontal sinus yields better results in operations of the fron-
tal region. Messerklinger et al. [3] was the first to stress that the fron-
tal sinus is unique in that it expresses a recirculation phenomenon. 
The mucus shifts along the lateral side of the sinus and turns medi-
ally over the sinus floor and down the lateral frontal recess wall. As 
much as 60% of parietal mucosa secretions are directed to the frontal 
cavity as they reach the frontal recess [3, 4]. The use of preoperative 
multiplanar reconstructions (MPR) in CT yields exactitude in proper 
estimation of the frontal region [5]. Radiological landmarks of AEA 
are e.g. ethmoid sulcus on the vertical portion of the cribriform plate 
and ethmoidal notch on the medial orbital wall [6]. 

METHODS

Computed Tomography (CT) investigations, performed at TMS  
Diagnostyka (Bialystok, Poland) between 2019 and 2020, were  
retrospectively surveyed. 
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ABSTRACT: 	 �Objectives: The aim is to assess the relationship of the anterior ethmoid artery with the upper attachment of the uncinate 
process and their relation with the lateral lamella of the cribriform plate in multiplanar reconstructions (i.e. coronal, axial and 
sagittal) of Computed Tomography. We measured the depth of the olfactory fossa, the length of the LLCP and determined the 
most superior attachment of the uncinate process, which designates boundaries of the frontal recess anteriorly, laterally and 
medially [4, 6].  

	 �Methods: All CT examinations were performed with the 320-detector Aquilion ONE CT scanner (Canon Medical Systems, 
Otawara, Japan). Axial, coronal, sagittal reconstruction were performed with dedicated workstation software (Vitrea 
Enterprise Suite, version 6.7; Vital images, Minnetonka USA). The Statistica13 software was used for analysis and the results 
were considered statistically significant at the level of P < 0.05. 

	 �Results: The most frequent types of UP according to Landsberg-Friedman criteria in the group of men are: type I – 30.77%, 
type II – 30.77%, type III – 26.92%, type VI – 7.69%, type V – 3.85%, type IV – 0%. In women’s group: type III – 44.12%, type 
II – 32.35%, type I – 8.82%, type V – 8.82%, type IV – 5.88%, type VI – 0%. The median LLCP length in the anterior-posterior 
dimension is 13 mm i.e. Yenigun type II on both sides. The median value of depth in the superior-inferior dimension of LLCP 
in the ethmoid roof is 5 mm i.e. Keros type II on both sides. The mean distance between AEA and UAUP is approximately 9.73 
mm and 9.16 mm on the right and left side respectively. 

	� Conclusions: The assessment of AEA,UAUP and configuration of the anterior skull base in CT multiplanar reconstructions 
contributes to optimizing the results of frontal sinus surgery. 
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All data sets were reconstructed with separate kernels for the bone 
and soft tissue. Axial, coronal and sagittal reconstruction were per-
formed by using dedicated workstation software (Vitrea Enterprise 
Suite, version 6. 7; Vital images, Minnetonka USA). 

All sixty patients, mean age 43 years (i.e. males 26 years, females 34 
years), had computed tomography (CT) using multiplanar recon-
structions (axial, coronal, sagittal). All of those who met the inclusion 
criteria (i.e. no evidence of congenital either acquired deformities 
of the skull base and paranasal sinuses, negative history of previous  

All CT examinations were performed using the 320-detector  
Aquilion ONE CT scanner (Canon Medical Systems, Otawara, Ja-
pan). For all examinations, unenhanced volume CT was routine-
ly performed in the supine position, without gantry tilt, in axial 
planes, parallel to the hard palate. The scanning length covered 
the cranium from the frontal sinus to the mandible. The CT data 
acquisition was performed using volume, single rotation scan with 
the following technical parameters: 120 kV, 150 mA, 75 effective 
mAs, 0.5 second rotation time, section thickness of 0.5 mm, a field 
of view (FOV) of 220 mm2. 

VARIABLE N MEAN
(MM)

MEDIANA
(MM)

MINIMUM 
 (MM) MAXIMUM (MM) LOWER

QUARTILE
UPPER
QUARTILE

Keros right 60 5,13 5,00 1,00 11,00 4,00 7,00

Keros left 60 5,17 5,00 1,00 11,00 3,00 6,50

Yenigun right 60 12,95 13,00 6,00 20,00 11,00 15,00

Yenigun left 60 13,13 13,00 3,00 20,00 12,00 15,00

Age 60 43,62 41,00 18,00 82,00 33,00 52,00

AEAUAUP right 60 9,73 10,00 2,00 15,00 8,00 13,00

AEAUAUP left 60 9,17 9,50 2,00 15,00 7,00 11,00

VARIABLE SEX N MEAN
(MM)

MEDIANA
(MM)

MINIMUM
(MM)

MAXIMUM
(MM)

LOWER
QUARTILE

UPPER
QUARTILE

Keros right men 26 5,84 6,00 1,00 11,00 4,00 7,00

Keros right men 26 5,96 6,00 2,00 11,00 5,00 8,00

Yenigun right men 26 12,69 12,50 9,00 18,00 11,00 15,00

Yenigun right men 26 12,73 12,00 8,00 19,00 11,00 15,00

Age men 26 36,38 35,00 18,00 60,00 27,00 45,00

AEA-UAUP right men 26 8,96 8,00 4,00 14,00 6,00 12,00

AEA-UAUP right men 26 8,96 9,50 2,00 14,00 7,00 11,00

Keros right women 34 4,59 4,50 1,00 8,00 4,00 6,00

Keros left women 34 4,56 4,00 1,00 9,00 3,00 6,00

Yenigun right women 34 13,15 13,50 6,00 20,00 11,00 15,00

Yenigun left women 34 13,44 13,00 3,00 20,00 12,00 15,00

Age women 34 49,15 45,00 26,00 82,00 39,00 62,00

AEA-UAUP right women 34 10,32 10,00 2,00 15,00 9,00 13,00

AEA-UAUP left women 34 9,32 9,50 4,00 15,00 7,00 11,00

Tab. I. �Statistical analysis. The results were considered statistically significant at the level of p < 0,05.

Tab. II. �Statistical analysis correlated to age and sex.
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GENDER

LANDSBERG-
FRIEDMAN TYPE I
(superior attachment
to the lamina
papyracea)

LANDSBERG-
FRIEDMAN
TYPE II
(superior
attachment to the
posteromedial
wall of ager nasi cell)

LANDSBERG-
FRIEDMAN TYPE III
(superior attachment to
the connection between
the middle turbinate and
lateral lamella of the
cribriform plate)

LANDSBERG-
FRIEDMAN TYPE IV
(superior attachment to
the skull base)

LANDSBERG-
FRIEDMAN TYPE V
(superior attachment to
the middle turbinate)

LANDSBERG-
FRIEDMAN TYPE VI
(superior attachment to
the lamina papyracea and
the connection between
the middle turbinate and
lateral lamella of the
cribriform plate)

Men 8  
(30,77 %)

8 
 (30,77 %)

7  
(26,92 %)

0 
 (0,00%)

1  
(3,85 %)

2  
(7,69 %)

Women 3  
(8,82%)

11  
(32,35 %)

15 
 (44,12 %)

2  
(5,88%)

3  
(8,82%)

0  
(0,00%)

VARIABLE

UNCINATE 
PROCESS

LANDSBERG-
FRIEDMAN TYPE

N MEAN
(MM)

MEDIANA
(MM)

MINIMUM
(MM)

MAXIMUM
(MM)

LOWER
QUARTILE

UPPER
QUARTILE

AEA-UAUP right I 11 9,36 8,00 4,00 14,00 7,00 13,00

AEA-UAUP right II 19 9,36 9,00 2,00 14,00 6,00 13,00

AEA-UAUP right III 22 11,04 11,00 * 6,00 15,00 9,00 13,00

AEA-UAUP right IV–VI 8 7,50 8,00* 4,00 10,00 6,50 8,50

AEA-UAUP left I 15 8,53 9,00 2,00 13,00 6,00 11,00

AEA-UAUP left II 19 9,21 10,00 4,00 14,00 8,00 12,00

AEA-UAUP left III 15 9,60 10,00 6,00 13,00 8,00 11,00

AEA-UAUP left IV–VI 11 9,36 9,00 6,00 15,00 7,00 11,00

Tab. III. �Upper attachment of the uncinate process according to Landsberg- Friedman criteria between the gender (twenty-six men and thirty-four woman). The most frequent 
type of the uncinate process between men i.e. type I and II and woman i.e. type III and II.

Tab. IV. �Distinction between upper attachment of the uncinate process (according to Landsberg-Friedman criteria) and distance amongst anterior ethmoid artery and upper 
attachment of the uncinate process on the right and left side respectively. Because of the small number of patients expressing uncinate process type IV, V and VI, we 
decided to create one group for statistical analysis.

sinus surgery or trauma, age > 18 years at the time of imaging) were 
recruited to the study. The exclusion criteria were as follows: apoplas-
tic paranasal sinuses, extensive rhinosinusitis with polyposis, previ-
ous history of facial trauma and sinus surgery). All personal data of 
the patients were anonymized. 

The findings from the CT scans were reviewed and interpreted by 
two independent specialists – a laryngologist (G. Berger) and a ra-
diologist (V. Grinevych). In the study, Keros criteria were applied, 
i.e. assessment of LLCP depth in the ethmoid roof (type 1: 0–3 mm; 
type 2: 4–7 mm; type 3: 8–16 mm) [7] and Yenigun criteria were used 
to estimate the dimension of the anterior-posterior length of LLCP  
(type 1: 6–10 mm; type 2: 11–15 mm; type 3: 16–20 mm) [8]. In mul-
tiplanar reconstructions of CT, in axial scans, the anterior-posterior 
dimension of LLCP was assessed between AEA and anteriorly to the 
border of the crista galli. 

We analyzed associations between the anterior skull base configuration 
(Keros and Yenigun criteria) with trajectory of the anterior ethmoid 
artery (AEA) and upper attachment of the uncinate process (UAUP). 

Measurements included: 
1.	 upper attachment of the uncinate process (UAUP) according 

to Landsberg and Friedman [9] criteria (in the coronal and 
sagittal planes);

2.	  LLCP length in the anterior-posterior dimension, according 
to the Yenigun criteria (axial scans) [8];

3.	 Depth in the superior-inferior dimension of the lateral lamella 
of the cribriform plate (LLCP) in the ethmoid roof according 
to Keros criteria (coronal scans) [7];

4.	 Distance between the anterior ethmoid artery (AET) and the 
upper attachment of the uncinate process (UAUP) (sagittal 
scans). The point at which the upper attachment of the un-
cinate process became horizontal to the anterior skull base 
was the reference point in the measurement of the distance 
between AEA and UAUP. 

STATISTICAL ANALYSIS

The Statistica 13 (TIBCO Software Inc.) software was used for sta-
tistical analysis. The Mann-Whitney U test was applied to deter-
mine differences between groups and the non-parametric ANOVA  
Kruscal-Wallis rank test with the post-hoc test for multiple 
comparisons of average ranks for all trials were used in the case 
of multiple groups. To analyze the strength of the correlations 
between the quantitative variables, Spearman’s rank correla-
tion coefficients were calculated. The results were considered  
statistically significant at the level of p < 0.05. 

 * There is statistically significant difference between type III and group IV-VI for the right side (p = 0,017).
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RESULTS

1.	 The most frequent types of UP according to Landberg-Friedman 
criteria in the group of twenty-six (26) men are as follows: type 
I – 30.77%, type II – 30.77%, type III – 26.92%, type VI – 7.69%, 
type V – 3.85%, type IV – 0%. In the group of women: type III  
– 44.12%, type II – 32.35%, type I – 8.82%, type V – 8.82%, 
type IV – 5.88%, type VI – 0.00%;

2.	 The median LLCP length in the anterior-posterior dimension, 
according to Yenigun criteria, is 13 mm (range from 6 to 20 
mm) on the right side, which accounts for type II Yenigun. On 
the left side, the median LLCP length is 13 mm (range from 
3 to 20 mm), i.e. type II Yenigun;

3.	 The median value of depth in the superior-inferior dimen-
sion of the LLCP in the ethmoid roof according to Keros cri-
teria is 5 mm (range from 1 to 11 mm), i.e. type II Keros on 
the right and left side;

4.	 The distance between AEA and UAUP was approximately 9.73 
mm (range from 2 to 15 mm) on the right side and 9.16 mm 
(range from 2 to 10 mm) on the left side. 

Fig. 1. �(A) Keros criteria are used to measure the superior-inferior depth of the LLCP 
in the ethmoid roof (coronal scan); (B) Yenigun criteria are used to measure 
the anterior-posterior length of the LLCP(axial scans); (C) Uncinate process 
type II according to Landsberg-Friedman criteria (coronal scan); (D) upper 
attachment of the uncinate process (sagittal scan); (E) Anterior athmoid 
artery canal located below the skull base when ethmoid sinuses are more 
pneumatized.

A B

C D

E

DISCUSSION 

AEA derives from the ophthalmic artery, passes in the orbit be-
tween the medial rectus and the superior oblique muscle. When 
AEA leaves the orbit, it traverses the ethmoid roof, gives off branch-
es to the nasal fossa and the superior part of the septum. The last 
branch of AEA, after it enters the olfactory fossa, is the anteri-
or meningeal artery [6]. Though rarely, AEA may be a source of 
epistaxis as well as sphenopalatine artery or facial artery [10].  
Bischoff et al. [11] recommend ligation of AEA by an external ap-
proach in case of posterior, non-sphenopalatine artery epistaxis. 
However, Turri-Zanoni et al. [12] have proved that direct coagu-
lation of the septal branches of AEA by using bipolar forceps and 
endoscopic endonasal approach is effective and does not always 
require dissection of the main AEA’s trunk. It is worth to note that 
both AEA ligation by an external approach and embolization bring 
about a high risk of post-operative complications, e.g. diplopia or 
ophthalmic artery disfunction respectively [13]. In functional en-
doscopic sinus surgery (FESS), intraoperative identification of the 
AEA trajectory is not recommended but if AEA is preoperatively  
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thoroughly assessed on radiological imaging and encountered during 
surgery, the injuries should be prevented by all means. According to 
Moon et al. [14] and Simmen et al. [15], the AEA canal is located be-
tween the second and the third lamella in most cases. With regard to 
authors mentioned above, we found preponderance of AEA location 
between the bulla lamella and the basal lamella of the middle turbinate 
in sagittal planes of CT. Contrary to Moon et al. [14] and Simmen et 
al. [15], Ferrari et al. [16] revealed the prevalence of AEA’s location 
within the third lamella and less frequently anteriorly to the basal 
lamella of the middle turbinate. Ferrari et al. [16] explain that AEA 
cannot be exposed without entire excavation of the anterior wall of the 
bulla ethmoidalis. Heinz Stammberger asserts that AEA is encoun-
tered 1–2 mm behind the anterior wall of the bulla ethmoidalis, just  
behind the first fovea of the ethmoid roof [17]. In addition to this, 
Minni et al. [18] stress that AEA may be within the suprabullar cells 

WOMEN
(N=34)

MEN
(N=26)

Keros Right

I (0–3 mm) 8 (23,53%) 6 (23,08%)

II (4–7 mm) 25 (73,53%) 14 (53,85%)

III (8–16 mm) 1 (2,94%) 6 (23,08%)

Keros Left

I (0–3 mm) 10 (29,41%) 6 (23,08%)

II (4–7 mm) 23 (67,65%) 13 (50,00%)

III (8–16 mm) 1 (2,94%) 7 (26,92%)

Yenigun Right

I (6–10 mm) 6 (17,65%) 6 (23,08%)

II (11–15 mm) 20 (58,82%) 17 (65,38%)

III (16–20 mm) 8 (23,53%) 3 (11,54%)

Yenigun Left

I (6–10 mm) 3 (8,82%) 5 (19,23%)

II (11–15 mm) 24 (70,59%) 19 (73,08%)

III (16–20 mm) 7 (20,59%) 2 (7,69%)

Tab. V. �Anterior skull base configuration according to Keros and Yenigun criteria. The 
most frequent type between women and men is type II in Keros (superior-
inferior dimension) as well as in Yenigun (anterior-posterior dimension) 
criteria on the both sides.

 

Figure 2. Distance between upper attachment of the uncinate process and anterior ethmoid artery. Fig. 2. �Distance between upper attachment of the uncinate process and anterior 
ethmoid artery.

(i.e. the posterior group of cells in the frontal recess, located above the 
bulla ethmoidalis and below the posterior wall of the frontal recess), 
especially when suprabullar cells coexist with supraorbital cells. To 
quote Simmen et al. [19], when ethmoid sinuses are more pneuma-
tized, AEA is suspended below the skull base. On the contrary, a low 
level of ethmoid sinuses and skull base pneumatization correlates with 
AEA position within the skull base. Nevertheless, the knowledge of 
AEA anatomy is vital in the FESS procedure, but as Turri-Zanoni et 
al. [12] emphasize, also septal branches of AEA are a crucial land-
mark in Draf type III sinusotomy. To identify the posterior wall of 
the frontal sinus, septal branches of AEA represent the limit to which 
the superior portion of the nasal septum and the frontal sinus floor 
can be drilled out. 

Turri-Zanoni et al. [12] highlight that septal AEA branches deline-
ate the posterior border of Draf type III sinusotomy, which enables 
a decrease in iatrogenic CSF leak during enlargement of frontal me-
dian drainage. 

The superior attachment of the uncinate process is recommended as 
a landmark and it indicates the trajectory of frontal sinus drainage [1]. 
When an unremoved remnant of UAUP remains by the ostium, either 
recess of the frontal sinus, postoperative narrowing and patency im-
pairment may occur. Thereby, the preoperative assessment of UAUP 
on coronal and sagittal CT scans guides the surgeon. According to the 
“uncapping the egg” technique inferred by Heinz Stammberger [19], 
another reason for recurring postoperative frontal sinus problems 
may be an unremoved bony “eggshell” in the frontal recess. 

Our findings imply that UAUP (according to Landsberg and Fried-
man criteria) [9] is not only a relevant landmark for the frontal sinus 
drainage pattern, but it also helps to assess the distance to AEA. How-
ever, it should be highlighted that both UAUP and AEA trajectory are 
variables and cannot serve as landmarks if not properly assessed on 
multiplanar scans of CT preoperatively. This prevents intraoperative 
bleeding during surgical dissection. The more superior at the skull 
base the upper attachment of the uncinate process (UAUP) is, the 
more likely the bleeding from AEA with iatrogenic CSF leak. Dest-
abilization of both the uncinate process attachment to the connec-
tion between the middle turbinate and the lateral lamella of the cri-
briform plate (type IV) as well as attachment of UP to the skull base 
(V) increases the risk of CSF leak. Moreover, very high UAUP to the 
posteromedial wall of Ager nasi cell or lamina papyracea (type II) 
decreases the distance to AEA and increases the risk of intra-orbital 
bleeding and postoperative hematoma. The split superior attachment 
of UP to the lamina papyracea and to the connection with the mid-
dle turbinate and LLCP (type III) brings about a twofold higher risk 
of bleeding from AEA and CSF leak. Thus, we measured distances 
between UAUP and AEA at the skull base. The results of the meas-
urement alert the surgeon as to whether AEA is away from UAUP, 
especially when UAUP is attached directly to the skull base (type IV, 
V) and therefore this area is more susceptible to damage. The thin 
part of the lateral lamella of the cribriform plate (LLCP) is prone to 
the impact of the slightest force from surgical manipulations [20]. We 
argue that the measurement of the distance between AEA and UAUP  
allows for identification of the most hazardous steps by dissec-
tion which takes place in the case of uncinate process type IV (men  
– 0%, women – 5.88%) and type V (men – 3.85%, women – 8.82%), 
respectively. The correlation between the type of UAUP i. e. IV-
V-VI and the distance AEA-UAUP was significant (p = 0.017). In 
types IV-V-VI of UAUP, the mean distance was 8 mm and 9 mm on 
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Fig. 3. �(A) Relation between the distance AEA-UAUP and the type of uncinete process according to Landsberg-Friedman criteria, right side. (B) Relation between the distance 
AEA-UAUP and the type of uncinate process according to Landsberg-Friedman criteria left side.

                   

Figure 3.A. Relation between the distance AEA-UAUP and the type of 
uncinete process according to Landsberg-Friedman criteria, 
right side. 

 

 

 

 

Figure 3.B. Relation  between the distance AEA-UAUP and the type of 
uncinate process according to Landsberg-Friedman criteria, 
left side. 

 

A B

                               

                                  

Figure 3. There is no strong correlation  between LLCP length in anterior - posterior dimension (Yenigun criteria) and AEA-UAUP ratio on either side (left side: 
r=0,17;p=0,185,right ride: r=0,25;p=0,55).Furthermore, no strong correlation was found between the depth of the LLCP in superior-inferior dimension (Keros 
criteria) and the AEA-UAUP ratio on either side (left side:r=0,02;p=0,905,right side r=0,06;p=0,616).The length and slant of the LLCP alone does not significantly 
determine the AEA-UAUP distance amongst group of patients in the study.In clinical practice it is a relevant information. Thus it indicates that with an increase 
in length of LLCP and with increase in the depth of the etmoid roof, there is no increase in the risk to  intraoperative AEA injury. However, this result does not 
exclude the risk of iatrogenic CSF leak during surgery. If the LLCP length and deep of the ethmoid roof  significantly increases, i.e in anterior skull base 
configuration type III according to Keros and Yenigun criteria, the risk of iatrogenic CSF leak is the highest." 

Fig. 4. �There is no strong correlation between LLCP length in anterior – posterior dimension (Yenigun criteria) and AEA-UAUP ratio on either side (left side: r = 0,17; p = 0,185, 
right ride: r = 0,25; p = 0,55). Furthermore, no strong correlation was found between the depth of the LLCP in superior-inferior dimension (Keros criteria) and the AEA-
UAUP ratio on either side (left side: r = 0,02; p = 0,905, right side r = 0,06; p = 0,616).The length and slant of the LLCP alone does not significantly determine the AEA-
UAUP distance amongst group of patients in the study.In clinical practice it is a relevant information. Thus it indicates that with an increase in length of LLCP and with 
increase in the depth of the etmoid roof, there is no increase in the risk to intraoperative AEA injury. However, this result does not exclude the risk of iatrogenic CSF leak 
during surgery. If the LLCP length and deep of the ethmoid roof significantly increases, i.e in anterior skull base configuration type III according to Keros and Yenigun 
criteria, the risk of iatrogenic CSF leak is the highest.
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of LLCP, with concomitant supraorbital pneumatization, affects the 
position of AEA which is exposed below the skull base. Abdullah et 
al. [20] highlight that the position of AEA at the skull base is not only 
influenced by the presence of supraorbital cells but also by the length 
of LLCP. This anatomical variability poses an intraoperative risk of 
injury of AEA. In the case of decreased anterior-posterior length of 
LLCP, AEA more frequently emerges at or within the skull base and is 
less prone to injury. This statement is in accordance with Keros crite-
ria. According to Yenigun and Keros criteria [8, 7], decreased depth of 
the ethmoid roof (superior-inferior dimension of LLCP) is correlated 
with the AEA position within the skull base. In brief, White et al. [24] 
allege that AEA passes forward from the ethmoid roof in the poste-
rior-inferior direction, toward the ethmoidal sulcus in LLCP. Thus, 
both the anterior-posterior length and the superior-inferior depth of 
LLCP provide a relevant three-dimensional (3-D) description. More-
over, Munoz-Leila et al. [26] stress that both the Keros and Yenigun 
criteria may be used for risk assessment. Anterior cranial fossa con-
figuration and its correlation with the trajectory of AEA and UAUP 
are issues to be considered in radiological imaging before surgical 
approach to the region of the ethmoid and frontal sinuses. The dis-
advantage of our study is the lack of evidence from pneumatization 
assessment in the region of the ethmoid and skull base. However, our 
aim was to assert the clinical relevance of Keros and Yenigun criteria 
and correlation between UAUP and AEA. 

CONCLUSIONS

UAUP is of great value as a landmark guiding both the laryngologist 
and the radiologist to discern frontal sinus drainage; it also reveals 
dangerous relations in anterior skull base configuration. Thorough 
assessment of the correlation between LLCP and the trajectory of 
UAUP, prevents inadvertent damage to AEA and CSF leak, especial-
ly in type IV and V according to Landsberg-Friedman criteria of the 
uncinate process. In the present study group type IV-V-VI of UP cor-
related with a short distance from AEA i.e. range from 4 to 10 mm, 
mean value: 8 mm (p = 0.017). Hence, the measurement of the dis-
tance between UAUP and AEA is regarded as congruent. 

Also, the configuration of the anterior skull base according to both 
Keros and Yenigun criteria is considered to be relevant as it shows 
the 3D configuration of the examined area. 

AEA may also serve as a reference in clinical practice, as its branches 
transverse the region of the posterior wall of the frontal sinus, especial-
ly medially in the anterior ethmoidal roof. However, because of its var-
iability, preoperative CT multiplanar reconstructions are mandatory. 

1.	 Preoperative identification of AEA, UAUP and configuration of the 
anterior skull base in multiplanar reconstructions of CT is the fac-
tor necessary for obtaining optimal results of frontal sinus surgery;

2.	 There is a correlation between the type of the uncinate process 
and the distance between UAUP and AEA. According to Lands-
berg-Friedman criteria, types IV-V-VI of the uncinate process con-
tribute to a decrease in the UAUP-AEA distance and to an increase 
in the risk of AEA injury;

3.	 Keros and Yenigun criteria are the same for anterior skull base 
configuration; however, if used together, they complement each 
other and yield 3-D configuration. In our results, the most fre-
quent type II according to Keros was compatible with type II ac-
cording to Yenigun. 

the right and left side respectively. The distances between UAUP 
and AEA were estimated in sagittal CT scans. Sagittal reconstruc-
tions showed also a bony mesentery connecting AEAs with the fo-
vea ethmoidalis, which is in accordance with the studies by Ferra-
ri et al. [16] and Kainz et al. [21]. Moreover, the latter author [21] 
highlights the presence of bony dehiscence in the AEA canal in up 
to 40% of cases. Dehiscence within the bony canal of AEA plays  
a pivotal role in spreading intracranial or orbital complications ob-
served in rhinosinusitis and intraoperative injuries of an artery. 

Proper preoperative imaging technique, as well as surgical devices in-
fluence the efficacy of frontal sinus surgery. Narrow space around the 
frontal recess and assessment of intra-frontal lesions demand prop-
er instrumentations. As Bolzoni Villaret et al. [22] suggest, to reduce 
soft tissue manipulations and postoperative stenosis, ultrasound bone 
curette is considered as an effective tool for frontal sinus osteoma re-
moval. Unsuitable armamentarium of surgical tools may lead to pa-
rietal mucosa damage and excavation of bony surfaces in the vicinity 
of a natural frontal ostium which results in stenosis during postop-
erative recovery time. Moreover, the alleged causes of frontal sinus 
obstruction and frequent revision surgeries are incomplete anterior 
ethmoidectomies (in up to 64% of cases), unremoved frontal recess 
cells (in up to 11.9%) [23] and ager nasi cells in 49% of cases [23]. To 
decrease the percentage of complications, it is required to conduct 
a thorough preoperative evaluation of multiplanar reconstructions 
of CT scans, which are the gold standard in radiological evaluation. 

Multiplanar reconstructions of CT images (i.e. sagittal, coronal, ax-
ial) complement each other and yield detailed anatomical informa-
tion [5]. Axial CT scans alone do not reveal bony, rudimentary clefts 
which remain and narrow the patency of the frontal sinus. According 
to Wright et al. [24], the coronal plane of CT reflexes the endoscopic 
view of the surgeon from the anterior to the posterior perspective. 
Also Minni et al. [18] underline that CT multiplanar reconstructions 
allow for an adequate evaluation of frontal sinus pathologies. Howev-
er, this is the sagittal plane that visualizes the frontal recess anatomy 
the best. According to Kho et al. [25], the axial planes of CT allow for 
proper identification of three ethmoid arteries (AET, MEA, PEA), 
while the sagittal planes allow for measurement of distances between 
structures e.g. posterior ethmoid artery (PEA) and anterior sphenoid 
wall or optic canal. As in the study by Kho et al. [25], our measure-
ments of the distance between UAUP and AEA were made on sagit-
tal scans. The smallest distance between UAUP and AEA was 2 mm 
and the longest reached 15 mm on both sides; 9.16 mm (left) and 9.73 
mm (right) on average. According to Simmen et al. [15], the distance  
between AEA and the posterior wall of the frontal recess was about 11 
mm (range from 6 to 15 mm), but the upper attachment of the unci-
nate process is located more anteriorly than the posterior wall of the 
frontal sinus. This explains why our results differ from those reported 
by Simmen et al. [15]. Reduction in the distance between UAUP and 
AEA causes the risk of intraoperative bleeding when approaching the 
frontal recess. The assessment of the UAUP-AEA distance is clinical-
ly relevant to a laryngologist when deciding on frontal sinus surgery. 

According to Kainz et al. [21], the most hazardous configuration of the 
anterior skull base (Keros type III), i.e. the so called “dangerous roof”, 
is when the cribriform plate is roughly 8–16 mm below the ethmoid 
roof. The thickness of LLCP is less than 0.2 mm and it may be reduced 
to 0.05 mm at the point where AEA transfixes the latter and enters 
the olfactory fossa [6]. Yenigun et al. [8] point out that increased su-
perior-inferior depth (Keros criteria) and anterior-posterior length 
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