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The relationship between the superior attachment type of the uncinate process
and the objective volume of the agger nasi cell: a computer-assisted anatomic
study
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Abstract. Introduction: The superior attachment of the uncinate process (UP) is also highly variable. It was argued that
the presence and pneumatization degree of the agger nasi (AN) cell will affect the superior attachment of the UP.
Objective: To evaluate the relationship between the superior attachment types of the UP and the volume of the AN cell.
Subjects and methods: Subjects who were candidates for septoplasty were enrolled for a one-year period. The computed
tomography (CT) scans were evaluated for the superior attachment type of the UP, together with the presence and
pneumatization of the AN cell for each side.

Results: In total, 90 subjects (180 sides) were evaluated. The UP was found on all 180 sides and AN cells were found
in 164 (91.2%) of the 180 sides. The mean AN cell volume was 0.29+0.19 cm’. The AN volume showed no significant
differences according to age, side and sex (p = 0.844, p = 0.906 and p = 0.971, respectively). The most common types
of the UP were insertions of the UP to the lamina papyracea in males (51.5%) and females (64.0%). No significant
differences were observed between the pneumatization of the AN cell and the superior attachment types of the UP (p =
0.243). The prevalence of the AN cell was significantly lower when the UP attaches the skull base.

Conclusion: The pneumatization of the AN cell and the superior attachment of the UP are important anatomical structures
for the anatomy of the frontal recess. As far as we are aware, this is the first study that evaluated AN cell volume according
to the UP superior attachment type. In our study, AN cell volume was not affected by the UP attachment; however, the
prevalence of AN cells was significantly lower when the UP attaches the skull base.

Introduction

Endoscopic frontal sinus surgery is a challenging
issue for surgeons.'? Surgeons need deep anato-
mical knowledge because of the compact nature of
frontal sinuses, the anatomic variability of adjacent
structures and the sinuses’ close proximity to
important structures.’

The frontal recess is an inverted cone with its apex
directed superiorly towards the frontal isthmus.
The anatomy of the frontal recess is affected by the
anatomic variability of adjacent structures.'” The
most important anatomic structures that affect the
frontal recess are AN cells and the uncinate process
(UP).2 The AN cell is found in the lateral nasal wall
in front of the anterior attachment of the middle
turbinate. The presence and variable pneumatization
of the AN cell will affect the anatomy of the frontal
recess and lead to the anatomic variability of this
region.*
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The superior attachment of the UP is also highly
variable.’ It has been argued that the presence and
pneumatization degree of AN cells will affect the
superior attachment of the UP.*” Although a few
reports have evaluated the relationship between the
presence of the AN cell and the superior attachment
type of the UP, to our knowledge, there is no any
study that has evaluated the objective volume of the
AN cell and its relation with the superior attachment
of the UP.

Materials and methods

This study was performed at our hospital’s ENT
Clinic between January 2013 and January 2014. All
patients were informed about this study and written
informed consent was obtained from them. The
study protocol was approved by the said hospital’s
local ethics committee (ethical committee number:
2014/118). The study was also conducted in

26/10/17 10:01 ‘ ‘



212

accordance with the principles of the Helsinki
Declaration.

Subjects who underwent septoplasty were
enrolled on the study. Subjects who had con-
comitant chronic sinusitis, a history of previous
septal/endoscopic sinus surgery, a history of maxil-
lofacial trauma, a paranasal sinus and nasal cavity
neoplasm, and subjects under the age of 18 years
were excluded.

Axial and coronal sinus CT scans with 1 mm
sections were obtained for all patients (Somatom
Volume Zoom CT scanner, Siemens Healthcare
GmBH, Erlangen, Germany) with the following
parameters: 120 kV, 220 effective mA with a bone
algorithm. Subjects’ CT scans were analysed in the
Leonardo CT Workstation. Each side of the CT
scans was analysed separately. The presence and
superior attachment type of the UP was evaluated
on coronal CT scans. Types of the uncinate process
attachments were noted according to Lui S.C et al.
as follows:

Type 1: insertion into the lamina papyracea

Type 2: insertion into the middle turbinate

Type 3. insertion into the skull base

Type 4: insertion into both the lamina papyracea
and the middle turbinate

Type 5: insertion into both the lamina papyracea
and the skull base

Type 6: insertion into both the skull base and the
middle turbinate (Figs.1-5)

Then the presence of the AN cell was evaluated.
If present on the axial sinus CT scans, the AN
cell was superiorly to inferiorly determined and
followed, after which the scanning of the AN cell
air was completed. The radiologist placed a pointer
on the axial CT image with a computer mouse in
order to select the AN cell volume, then dragged
the pointer to paint the entire AN cell area on the
axial CT image. The volume of the AN cell was
calculated automatically by the workstation. In this
volumetric technique, air cells with a greyscale level
similar to air in the AN cell were selected on the
CT images. After image processing (thresholding),
only the volumes of the extracted pneumatized
parts were calculated. The measurement is shown
in Figure 6.
For the study, we used two independent observers
to detect the intra-observer and inter-observer
reliability of the study.
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Figure 1

White arrow; superior attachment of the UP (Type 1) in the
coronal CT image.

Figure 2

White arrow; superior attachment of the UP (Type 2) in the
coronal CT image.

Figure 3

On the right sides, the white arrow shows the superior
attachment of the UP (Type 3) and, on the left sides, the white
arrows shows the superior attachment of the UP (Type 5) in the
coronal CT image.
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Statistical analysis

The Number Cruncher Statistical System 2007
Statistical Software (UT, USA) was used for
statistical analysis. For the evaluation of the data,
descriptive statistical methods (mean, standard
deviation), as well as the independent t-test (for
comparison of dual groups, of right-left parts and of
parts with or without polyps), the paired t-test (for
comparison of qualitative data), the chi-square test
(for comparison of variables with each other) and
Pearson’s correlation test, were used. In all analyses,
results with a p-value <0.05 were considered to be
statistically significant.

Figure 4

White arrows show the superior attachment of the UP (Type 4)
in the coronal CT image.

Results

In total, 180 sides from among 90 subjects (65 or
72.2% male, 25 or 27.9% female) were evaluated.
The average age of the subjects was 31.88 years
(range: 19 to 54 years). The superior attachment
of the UP was identified on all subjects (100%).
The AN cell was present in 164 (91.2%) of the 180
sides.

In the evaluation of the 180 sides, the mean
volume of the AN cell was 0.29+£0.19 cm®. When @
the volume of the AN cell was evaluated according
to age, no significant difference was found (r =
0.016, p = 0.844). The mean volume of the AN
cell showed no significant difference between the
right and left sides (0.28+0.21 cm® for right side
vs. 0.28+0.17 cm® for left side; p = 0.906). Of the
65 male subjects, the AN cell was present in 119

Figure 5 sides with a mean volume of 0.29+0.19 cm®. Of
White arrows shows the superior attachment of the UP (Type 6) the 25 female subjects, the AN cell was present
in coronal CT image. in 45 sides with a mean volume of 0.29+0.21 cm’.

No significant difference was found in the mean
volume according to gender (p = 0.971). Types of
superior attachment of the UP were determined for
both males and females. The most common types
among males were Type 1 (51.5%), followed by
Type 4 (15.6%), Type 5 (11.5%), Type 2 (10.8%),
Type 3 (7.7%) and Type 6 (3.8%), respectively.
Among females, the most common types were
Type 1 (64%), followed by Type 5 (14.0%), Type 2
(12.0%), Type 3 (8%) and Type 6 (2%), respectively
(Type 4 was not observed at all among females).
No significant differences were found to exist for
the superior attachment of the UP type in terms of
gender (p =0.112) (Table 1).

Figure 6 The presence of the AN cell with respect to types
Measurement of the AN volume. was 100% in Types 4, 5 and 6, 92.90% in Type 1,
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Table 1
Distribution of the superior attachment types of the UP according to gender
Types Male Female Total P
(n =65, 130 sides) (n =25, 50 sides) (n =90, 180 sides)
Type 1 67 51.50% 32 64.00% 99 55.0% 0.112
Type 2 14 10.80% 6 12.00% 20 11.1%
Type 3 10 7.70% 4 8.00% 14 7.8%
Type 4 19 14.60% 0 0.00% 19 10.6%
Type 5 15 11.50% 7 14.00% 22 12.2%
Type 6 5 3.80% 1 2.00% 6 3.3%
Total 130 50 180
Table 2
Prevalence of AN cells according to UP attachment types
UP att. type | Type 1 Type 2 Type 3 Type 4 Type 5 Type 6 Total
AN | Absent 7 (7.1%) 4(20.0%) 5(35.7%) 0 (0.0%) 0(0.0%) 0(0.0%) 16 (8.9%)
Present 92(92.9%) | 16(80.0%) |9 (64.3%) 19 (100.0%) | 22 (100.0%) | 6 (100.0%) 164 (91.10%)
Total 99(100.0%) | 20 (100.0%) | 14 (100.0%) | 19 (100.0%) |22 (100.0%) | 6 (100.0%) 180 (100.0%)
p 0.0001
Table 3
Comparison between the AN cell volumes according to the superior attachment types of the UP
Type of UP N AN (cm?) %95 OR Minimum Maximum
meanSD The lowest limit The upper limit
1 92 0.29+0.19 0.25 0.33 0.05 0.94
2 16 0.38+0.26 0.24 0.52 0.04 0.94
3 9 0.26+0.14 0.15 0.37 0.07 0.46
4 19 0.27+0.16 0.19 0.35 0.05 0.72
5 22 0.26+0.19 0.17 0.34 0.06 0.78
6 6 0.17+0.15 0.01 0.33 0.03 0.46
Total 164 0.29+0.19 0.26 0.32 0.03 0.94
P 0.243
Abbreviations: UP. uncinate process; OR. overall range; N.number.
Table 4 80.0% in Type 2 and 64,3% in Type 3. According
Intra-observer and inter-observer reliability to this result, the presence of the AN cell was
(correlation coefficient). significantly lower in Type 3 than other types (p =
Intra-class 95% Confident 0.0001) (Table 2).
Correlation interval No significant differences were observed
coefficient between the superior attachment types of the UP
Intraobserver 0.998 0.996-0.999 and the mean volume of the AN cell (p = 0.243)
Interobserver 0.996 0.992-0.998 (Table 3).
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For the study, intraobserver and interobserver
reliability was also assessed for the measurements.
Intraobserver measurements’ correlation coefficient
was found to be 0.998 (0.996-0.999). Interobserver
measurements’ correlation coefficient was found to
be 0.996 (0.992-0.998). For all measurements, the
measured levels were over 0.700 (Table 4).

Discussion

Our results indicated that there is no relation
between the UP superior attachment type and the
pneumatization of the AN cell. The pneumatization
degree of the AN cell was measured with a CT
workstation objectively. The mean AN cell volume
was measured as 0.29+0.19 cm’. The presence of
the AN cell was significantly low when the UP
attaches the skull base. Based on our knowledge,
the objective mean AN volume values and their
distribution according to UP types represent new
data.

The frontal recess has an inverted funnel shape,
which connects the frontal sinus with the nasal
cavity. The structures surrounding the frontal
recess can affect the anatomy of the frontal recess,
as well as the drainage pathway of the frontal
sinus.® In adults, the depth, width and boundaries
of the frontal recess are contingent on the anterior
ethmoidal cell and the embryologic pneumatization
pattern of the surrounding structures.*'* The related
structures that limit the boundaries of the frontal
recess can form part of the recess.

The AN cell is the most anterior ethmoidal
cell lying anterolateral and inferior to the frontal
recess. It is located above the attachment of the
middle turbinate. The presence and pneumatization
degree of the AN cell and the thickness of the
frontal bone can affect the anteroposterior
dimensions of the frontal recess.”'® The relationship
between the superior attachment of the UP and
the pneumatization of the AN cell is important to
understand the drainage pathway of the frontal
sinus. In the presence of the UP and the AN cell,
the boundaries and drainage pattern of the frontal
recess vary according to these structures.''

Wormald proposed that the pneumatization of
the AN cell did not affect the superior attachment
of the UP* In previous studies, the superior
attachment type of the UP, the prevalence of the
AN cell and the interaction between the AN volume
and the anteroposterior dimensions of the frontal
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recess were investigated.">'® Different results were
reported and the relation between the UP and the
AN cell has not yet been clearly defined. To our
knowledge, there are no any studies that focus on
the relation between the superior attachment type
of the UP and the pneumatization of the AN cell
by using an objective volume measurement. In
the present study, we determined the AN cell on
all paranasal sinus CT axial scans. The scans were
superiorly to inferiorly followed. The workstation
combined the scanning in the AN cell air. The
volume of this forming shape was automatically
calculated in three-dimensional volume with three-
dimensional computer programs.

In 1991, Stammberger et al. introduced the
superior attachment type of the UP and reported
three possible extensions as an insertion into the
lamina papyracea, the skull base or the middle
turbinate.'” Subsequently, Landsberg and Friedman
described six types in the retrospective review of
144 patients with sinus CT scans by using image
guidance systems.' Ercan et al. evaluated this
classification and combined Types 1 and 2 into Type
%1% Liu et al. evaluated the previous classification
system and proposed a different classification
for 132 Taiwanese patients’ sinus CT scans,” by
combing Types 1 and 2 into Type 1, Types 4 and 6
into Type 2, and Types 5 and 3 into Types 3 and 4,
respectively. In the present study, we used Cheng
Liu et al.’s classification system. This classification
system is also similar to that reported in a recent
article by Netta et al’

Two types of superior attachment of the UP in
our study were not mentioned in Landsberg and
Friedman’s classification. These types are: 1)
insertion into both the lamina papyracea and the
skull base; and 2) insertion into both the skull base
and the middle turbinate." The uncinate attachment
can also show additional attachment patterns;
however, we did not observe any other type.

The prevalence of AN cells was reported as highly
variable. Wormald, Landsberg, Friedman, Davis,
Mosher and Van Alyea reported rates as 98.5%,
78%, 40%, 60%, 89% and 100%, respectively.'®
The highly variable prevalence of AN cells can be
attributed to ethnicity. The prevalence of the AN
cell was found to be 91.1% in the present study,
which was consistent with the literature. Ercan et
al. reported the presence of the AN cell with respect
to types as follows: 79.6% in Type 1/2; 90.1% in
Type 3; 71.4% in Type 4; 86.5% in Type 5; and
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83.3% in Type 6. They also reported no significant
differences in the distribution of the AN cell with
respect to insertion types of the UP."” In the present
study, our data suggest that the presence of the AN
(64.30%) cell was significantly lower in Type 3
(insertion into the skull base) than other types (p =
0.0001).

The lamina papyracea was the most common
insertion type with a frequency of 55%. This
is consistent with the literature. Landsberg and
Friedman reported the sum of insertions of the
lamina papyracea as 70.5%." Type 5 was the second
most common, with a frequency of 12.2% in our
study. Landsberg and Friedman'®, Ercan et al.,”
and Zhang et al.” reported Type 4 with a frequency
of 14.5%, Type 3 with a frequency of 14.4% and
Type 5 with a frequency of 31%, respectively,
as the second most common types. On the other
hand, our data suggest that 77.8% of the UP (140
sides) was associated with the lamina papyracea in
Types 1, 4 and 5. Landsberg and Friedman' and
Zhang et al.” reported these rates as 88% and 86%,
respectively.'®"

Liu et al. reported that the drainage pathway of
the frontal sinus was lateral to the UP in 82.7%
subjects and medial to the UP in 17.3% subjects.” In
the present study, the same rates were 77.2% for the
lateral pathway and 22.8% for the medial pathway.
The discrepancies between the study results can be
attributed to ethnicity.”

Soo Park ef al. evaluated the relation between
the frontal beak and the AN cell volume in 105
subjects with chronic rhinosinusitis.'®* The AN cell
volume was not calculated using a workstation.
The calculation was carried out by multiplying the
longest anteroposterior diameter and the vertical
diameter in the parasagittal plane and the longest
vertical diameter from the side to side in the coronal
plane. The AN cell volume showed a moderately
positive correlation with the AP length of the
frontal isthmus and a weak positive correlation
with the AP length of the frontal recess. No positive
correlation between the volume of the AN cell and
the thickness of the frontal beak was observed.

Conclusion

The pneumatization of the AN cell and the superior
attachment of the UP are important anatomical
structures for the anatomy of the frontal recess.
Although both structures separately affect the
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anatomy of the frontal recess, the relationship
between the superior attachment types of the UP and
the pneumatization degree of the AN cell was not
statistically significant. However, the prevalence of
the AN cell was significantly lower in Type 3 than
in other types.
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