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Abstract: Objective: the superior attachment of the uncinate process (SAUP) is highly variable.
Lateral types of SAUP are associated with frontal rhinosinusitis. SAUP in the middle turbinate is
more common when the middle turbinate is aerated. We aim to refine these findings by studying
the relationship between the SAUP type and the different subtypes of pneumatization of the middle
turbinate. Methods: 200 CT sinonasal scans were analyzed by an otolaryngologist and a radiologist.
All CT scans were analyzed to study the type of the middle turbinate concha bullosa and lamellar cell
and the type of SAUP. Results: 379 sides were analyzed. The prevalence of the various types of SAUP
were: Type I: 43.80%, Type II: 22.16%, Type III: 16.36%, Type IV: 3.69%, Type V: 9.76%, and Type VI:
4.22%. When studying the pneumatization of the middle turbinate and the SAUP types, we only
found a statistically significant association between the lateral attachment of the uncinate process
and the presence of a lamellar cell (p = 0.029). Conclusion: lateral types of SAUP are more likely in
the presence of a lamellar cell. This finding, therefore, renders checking for lateral SAUP types in the
presence of a lamellar cell even more relevant than when studying the pre-surgical CT scan. In those
cases, it is advisable to perform a careful and complete uncinectomy.

Keywords: uncinate process; concha bullosa; pneumatization; paranasal sinus; middle turbinate;
ethmoid sinus; Grunwald cell; interlamellar cell

1. Introduction

The uncinate process (UP) is a thin bone of the lateral wall of the nose1, medial to the
ethmoid infundibulum, being the medial wall of the ostiomeatal complex. There it plays
a crucial role in mucociliary activity [1]. Uncinectomy is a mandatory step in functional
endoscopic sinus surgery (FESS), necessary to expose the hiatus semilunaris, maxillary
ostium, and nasofrontal recess [2,3].

The posterior edge and the posterior segment of the inferior border of the UP are
free. On the other hand, the superior attachment of the uncinate process (SAUP) is highly
variable. It has been studied by Landsberg and Friedman [4], who classified it into six
types (Figure 1): Type I: insertion to the lamina papyracea (52%); Type II: insertion to the
posteromedial wall of the agger nasi cell (18.5%); Type III: insertion to both the lamina
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papyracea and the junction of the middle turbinate with the cribriform plate (17.5%); Type
IV: insertion to the junction of the middle turbinate with the cribriform plate (7%); Type
V: insertion to the skull base (3.6%); and Type VI: insertion to the middle turbinate (1.4%).
Other authors have suggested new subtypes, but they are not standardized yet [5–7].
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Figure 1. SAUP types (modified from Landsberg and Friedman (2001). (A): graphical representation.
Abbreviations: uncinate process in blue; asterisk (agger nasi cell). (B): CT scans. A white arrow shows
the uncinate process superior attachment.

Preoperatory analysis of the SAUP is important for three reasons. First, knowing
the insertion type enables the surgeon to perform a safe uncinectomy. Secondly, the
SAUP determines the frontal sinus drainage pathway, which is associated with frontal
rhinosinusitis. Finally, incomplete uncinectomy has been linked to a higher risk of surgical
failure [8].

An aggressive uncinectomy, performed by pulling the UP out in patients with a SAUP
in the cranial base (Types III, IV, or V), is a risk factor in developing a cerebrospinal fluid
leak [9]. In these cases, it is recommended to avoid traction of the uncinate process.

Frontal rhinosinusitis is more common when the frontal drainage is medial to the
uncinate process [5,10]. In those cases, an incomplete uncinectomy is related to the persis-
tence of rhinosinusitis [5]. In fact, an incomplete uncinectomy was found in 37% of patients
undergoing revision for FESS [8].

Cheng et al. describe that the SAUP in the middle turbinate (Types III, IV, and VI) is
more common when the middle turbinate is aerated [11]. This is called “concha bullosa”.
An aerated middle turbinate creates a space compromise, making it difficult to perform a
superior uncinectomy.
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The pneumatization of the middle turbinate may affect different areas of the middle
turbinate. It can be divided into bulbous, affecting the body of the middle turbinate, or
lamellar cell, affecting the vertical aspect of the middle turbinate (Figure 2). Both types of
middle turbinate aeration have recently been studied and classified by our research team.
We have classified the bulbous concha bullosa into five categories [12], and the lamellar cell
concha bullosa into four categories [13].
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Figure 2. Bulbous and lamellar concha bullosa: (A): Lamellar concha bullosa. Note that the cell is only
lamellar cell (LC) and is not affecting the body of the middle turbinate (BMT). (B): Bulbous concha
bullosa (BCB). Note that the cell is not affecting the vertical aspect of the middle turbinate (VAMT).

In this work, we aim to refine the findings of Cheng et al. by studying the rela-
tionship between the SAUP type and the different subtypes of pneumatization of the
middle turbinate.

2. Methods
2.1. Data Source

The file of the latest 200 CT sinonasal scans performed at a tertiary university hospital
was obtained independently of the diagnosis.

Inclusion criteria were to have a sinonasal CT scan of less than 1 mm slice resolution.
There was no restriction by age or illness. We reviewed the medical records of all patients
to obtain diagnosis and history of previous sinonasal surgery. In patients scheduled for
sinonasal surgery, the pre-surgery CT scan was also obtained.

Exclusion criterion was presenting a CT scan with a slice resolution higher than 1 mm,
as this does not enable the adequate study of the superior attachment of the uncinate
process. CT scans not including SAUP were also excluded.

2.2. Image Study

CT scans were analyzed by an otolaryngologist and a radiologist with the DICOM
viewer Sectra®. The 3D reconstruction planes were made from the axial images.

All CT scans were analyzed to study the absence or presence (and type) of the middle
turbinate concha bullosa and lamellar cell. We examined coronal views to find pneumatiza-
tion of the middle turbinate. In case of pneumatization, a thorough exam was performed
using a modified axial image through the bulla.

All CT scans were analyzed in order to study the type of SAUP using 3D recon-
struction planes, which allowed us to study the SAUP in the axial, coronal, and sagittal
planes concomitantly.

2.3. Concha Bullosa Classification

The concha bullosa was classified into 6 categories according to the degree of pneuma-
tization in the axial plane of the body of the middle turbinate, following the classification
previously described by our team [12]: Type 0: no aeration; Type I: aeration of 1/3 anterior;
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Type II: aeration of 2/3 anterior, or 1/3 in the middle; Type III: complete anterior-posterior
aeration; Type IV: aeration of 2/3 posterior, and Type V: aeration of 1/3 posterior.

2.4. Lamellar Cell Classification

The lamellar cell was classified into 5 categories according to the degree of pneumati-
zation of the vertical lamella in the middle turbinate, likewise following the classification
previously established by our research team [13] (see Figure 1): Type 0: no cell; Type I:
pneumatization of 1/2 the anterior vertical lamella of the middle turbinate; Type II: pneuma-
tization of 1/2 the posterior vertical lamella and ground lamella of the middle turbinate;
Type III: a combination of Types I and II; Type IV: Type III continued with a concha bullosa.

2.5. Statistical Analysis

Statistical analysis was performed with SPSS for Macintosh v. 23.0 (Chicago, IL, USA,
IBM Corp.). We used chi-square analysis. Statistical significance was initially determined
at p < 0.05.

2.6. IRB Approval

The study was performed in accordance with the ethical standards laid down in the
Declaration of Helsinki. The study protocol was approved by the Research and Ethics Com-
mittee of the Hospital Complex of Santiago de Compostela-Spain, register code 2017/038.

3. Results
3.1. Participants

Of the 200 initially selected CT sinonasal scans, 5 were completely excluded: 3 because
the middle turbinate could not be studied due to nasal polyps, 1 because the image
resolution was poor, and 1 because the superior attachment of the uncinate process was not
shown in the CT scan.

We studied each side as a different unit. In 11, cases the uncinate process could not be
studied in 1 of the sides due to the mucosal disease that made the bony septa indistinct.
Finally, we examined 379 sides.

There were 51.19% females and 48.81% males. Mean age was 54.17 years, median 54,
range 6–100, percentile 25–75 (40–68).

3.2. SAUP Type Prevalencez

The prevalence of the SAUP in our sample was Type I: 43.80%, Type II 22.16%, Type
III 16.36%, Type IV 3.69%, Type V 9.76% and Type VI 4.22%.

SAUP was the same in both sides at 66.67% (95% CI 59.71–72.96).

3.3. SAUP and Lamellar Cell

Results are shown in Table 1. We found a statistically significant association between
the lateral attachment of the uncinate process and the presence of a lamellar cell (p = 0.029).
There was no relationship between the presence of a lamellar cell and the SAUP in the
middle turbinate (p = 0.944).

Table 1. p values for concha bullosa, lamellar cell and SAUP. (bold if statistically significant p < 0.05).

Concha Bullosa Lamellar Cell

All Types Anterior Types All Types Anterior Types

Middle turbinate SAUP p = 0.782 p = 0.665 p = 0.235 p = 0.237

Lateral SAUP p = 0.944 p = 0.884 p = 0.029 p = 0.057
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Furthermore, there was no statistically significant relationship between the anterior
types of lamellar cell and SAUP in the middle turbinate (p = 0.237), nor in the lateral SAUP
(p = 0.057).

3.4. SAUP and Concha Bullosa

Results are shown in Table 1. We did not find any significant association between the
lateral attachment of the uncinate process and the presence of concha bullosa (p = 0.944),
even when considering only the anterior types of concha bullosa (p = 0.884).

Also, there was neither a significant correlation between the middle turbinate SAUP
and the presence of concha bullosa (p = 0.782), nor with the anterior types of concha bullosa
(p = 0.665).

4. Discussion

Frontal rhinosinusitis is one of the most important challenges for a rhinology specialist,
given its frequency, as well as its tendency to relapse.

The anatomy of the frontal recess is intricate. It is limited by neighboring structures,
such as the ethmoid bulla, uncinate process, and agger nasi cell. Anatomic variations in
those structures are proposed etiologic factors of frontal rhinosinusitis [14], with SAUP
being the most relevant [3]. Variations in the SAUP affect the anatomy of the frontal sinus
drainage [15] and are a recognized cause of frontal rhinosinusitis [10], as well a cause of
failure in surgery [8]. Therefore, knowledge of the anatomic variations in the SAUP is
paramount to understanding and properly treating frontal sinus illnesses.

Understanding the 3D anatomy of the frontal recess is complex. The nasofrontal recess
is located superior and posterior to the agger nasi cell. The inferior portion of the posterior
wall of the agger nasi cell is the uncinate process [7]. When the SAUP is into the lamina
papyracea, the ethmoidal infundibulum and the frontal recess are separated from each
other so that the ethmoidal infundibulum is closed superiorly to form a blind pouch called
a “terminal recess” [16]. Thus, in those cases, the frontal recess opens directly into the
middle meatus, medial to the uncinate process. When the SAUP extends superiorly into
the skull base or the middle turbinate, the frontal recess drains into the middle meatus via
the ethmoidal infundibulum, lateral to the uncinate process (Figure 3). In summary, if the
SAUP is lateral (Types I, II, and III), the frontal drainage will be medial to the uncinate
process. In the opposite scenario, if the SAUP is medial (Types IV, V, and VI), the drainage
will be lateral to the uncinate process.
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Figure 3. Schematic representation of the frontal recess (Fr). Abbreviations: Frontal sinus (FS), Agger
nasi cell (AN), Orbit (Or), Cranial base (CB), Uncinate process (UP), Ethmoidal bulla (B), Lateral
SAUP: representation of Type I SAUP (lamina papyracea), Medial SAUP: representation of Type V
(cranial base). Note that the Fr has been simplified as a duct for an educational objective.

In our research we found a statistically significant association between the lateral types
of SAUP (Types I, II, and III) and the presence of a lamellar cell (p = 0.029). Interestingly, we
did not find any significant relationship between the lateral SAUP in the middle turbinate
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and the lamellar cell, anterior lamellar cell, concha bullosa, or anterior concha bullosa.
However, these results should be managed carefully because, if the p value is adjusted
for multiple comparisons (eight in this study), the final p value, in order to reject the null
hypothesis, is 0.006, which has not been reached in our study.

These results are different from those obtained by Cheng et al., who recently described
an increased prevalence of SAUP in the middle turbinate in the presence of a pneumatized
middle turbinate [11].

Our findings are crucial from a clinical perspective. A lateral SAUP has been asso-
ciated with frontal rhinosinusitis [5,10]. When a patient presents a lamellar cell, a lateral
SAUP is more likely. Therefore, in these cases, it is paramount to thoroughly study SAUP.
Furthermore, in the case of a lamellar cell, a complete uncinectomy could be more difficult
to perform due to the lack of space, and an incomplete uncinectomy has been linked to
relapse of frontal rhinosinusitis.

It is important to highlight that we have differentiated between bulbous concha bullosa
and lamellar cell concha bullosa, and we only found a connection with the lamellar cell.
The classical definition of concha bullosa includes a lamellar cell [17]; therefore, in the
research of Cheng et al., some patients classified as presenting a concha bullosa would
probably be patients with a lamellar cell. This finding is important since concha bullosa
could not be linked to chronic rhinosinusitis [18,19]. Future studies should focus on the
lamellar cell and frontal rhinosinusitis, given their probable relationship.

Regarding the prevalence of SAUP, our results are similar to those obtained by other
authors; a summary is shown in Table 2. Type I is the most common SAUP type for all
authors, with the exception of Mahmutoğlu [5], and the less frequent Types are IV, V,
and VI. Notice that we have used the Landsberg and Friedman classification [4], while
other authors have used other classifications or their own adaptations [5–7,20–23], and
therefore we cannot compare our results with theirs. Furthermore, three authors have
combined Types I and II in their research [5,10,24]. It is also noteworthy that the work
of Turgut et al. [24] was not included in the table since they used the same sample as
Ercan et al. [24]. We highlight the research of Al-Qudah and Mardini, who studied SAUP
in pediatric patients. They used a different classification in three types, but it remains
interesting since pediatric patients have a similar prevalence of SAUP to that of adults [20].

Table 2. Prevalence of SAUP types.

Author/Year Sample
SAUP Type (%)

I II III IV V VI Others

Calvo-Henríquez (this study) 379 43.80 22.16 16.36 3.69 9.76 4.22 -

Mahmutoğlu (2015) [5] 919 28.2 36.1 4.1 0.9 0.7 17.4

Netto B (2015) [25] 292 63.5 9.5 9.5 6.3 6.3 0.9

Ercan (2006) [24] 371 62.6 3.1 11.6 14.4 8.3 -

Landsberg (2001) [4] 173 52 18.5 17.5 7 3.6 1.4 -

We found a 66.67% prevalence of identical SAUP types on both sides, similarly to
Netto et al. [25] (59.9%) and Turgut et al. (65%) [10], but clearly lower than that of Landsberg
and Friedman [4] (93%).

5. Conclusions

In conclusion, lateral types of SAUP are more likely in the presence of a lamellar cell.
This finding, therefore, renders checking for lateral SAUP types in the presence of a lamellar
cell even more relevant than it was when studying the pre-surgical CT scan. In those cases,
it is advisable to perform a careful and complete uncinectomy.
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