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INTRODUCTION

Nasal airway obstruction, which is a condition with a mul-
tifactorial etiology, significantly affects patients’ quality of life 
[1]. Anatomic contributors to nasal airway obstruction include 
nasal septal deviation (NSD), an enlarged inferior turbinate, 
and static or dynamic nasal valve dysfunction [2]. Among the 
numerous structures of the nasal airway, the nasal valve is the 
narrowest portion of the human airway [3]. Resistance of the 
nasal airway accounts for more than 50% of the total airway 
resistance, most of which occurs in the nasal valve [4-6]. Con-
sequently, even minor changes in the size of the nasal valve 
can significantly alter airflow resistance, which in turn affects 

nasal function [7-9]. The nasal valve region is composed of 
three structures: the inferior turbinate, the nasal septum, and 
the lateral nasal wall. The external nasal valve is formed me-
dially by the caudal septum and columella, superiorly by the 
weak triangle, laterally by the alar rim, and inferiorly by the 
floor of the nasal vestibule [10].

The internal nasal valve (INV) is anatomically formed by 
the caudal border of the upper lateral cartilage (ULC), the 
nasal septum, the head of the inferior turbinate, and tissues 
surrounding the pyriform aperture. Therefore, it is important 
to identify which of these structures may be negatively im-
pacting the function of the nasal valve. The integrity of INV 
structures can be compromised due to nasal aging, traumatic 
injury, or previous nasal surgery [11]. In patients with nasal 
obstruction, it is essential to assess the nasal valve, because 
nasal valve dysfunction is as common as septal deviation and 
an enlarged inferior turbinate [12-14].

As the ULC is one of the structures establishing the INV, 
collapse of the ULC can result in nasal obstruction. Unlike 
the nasal septum and inferior turbinate, which are static and 
rigid, the ULC is less rigid, making it a variable determinant 
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Background and Objectives: This study aimed to elucidate the relationship between nasal septal deviation (NSD) and upper lateral 
cartilage (ULC) collapse.
Methods: We conducted a retrospective review of 142 paranasal sinus computed tomography scans from patients who had undergone 
septoplasty due to confirmed NSD. The ULC angle was measured on both the narrow and wide sides of the nasal cavities, and these 
measurements were compared to evaluate the extent of ULC collapse in relation to the degree of NSD and patient age. The correlation 
between the degree of NSD and the degree of ULC collapse was also analyzed.
Results: The mean ULC angle was found to be 13.4°±2.7° on the narrow side and 14.3°±2.7° on the wide side, with a statistically signifi-
cant difference between the two (p<0.001). When comparing caudal and non-caudal NSD patients, there was no significant difference in 
the degree of ULC on either side (p=0.166). When comparing the ULC angle between two age groups (≥50 vs. <50 years), the difference 
in ULC angles was significantly greater in the group of patients aged under 50 years (0.3°±3.8° vs. 1.1°±2.2°, p=0.014). There was a signifi-
cant positive correlation between the degree of ULC collapse and the degree of septal deviation (r=0.214, p=0.01).
Conclusion: NSD was associated with ULC collapse on the narrow side and a narrow internal nasal valve area. This result indicates that 
clinicians should check for concomitant ULC collapse in patients with NSD.
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for nasal valve stability [15]. Bernoulli’s principle states that 
as the speed of a moving fluid (either liquid or gas) increases, 
the pressure within the fluid decreases [16]. Consequently, it 
can be inferred that the airflow rate in the nasal cavity on the 
same side as the septal deviation is higher than that in the 
opposite nasal cavity. This could result in repetitive pressure 
being applied to the ULC on the side of the septal deviation. 
We propose that the force exerted by this negative pressure 
could cause the ULC to collapse statically, leading to increased 
obstruction of the nasal airway. However, several other fac-
tors could influence the development of nasal valve stenosis, 
such as trauma. Our hypotheses would be further substanti-
ated if the aforementioned computational fluid dynamics 
analysis is conducted in a future study.

To date, no studies have investigated the relationship be-
tween NSD and ULC collapse. Therefore, the aim of this study 
was to explore the association between NSD and ULC col-
lapse using computed tomography (CT) images.

METHODS

We analyzed CT scans of the paranasal sinus (PNS) from a 
consecutive series of 142 patients. These patients visited the 
Otolaryngology Department of Asan Medical Center be-
tween October 2017 and May 2019, presenting with com-
plaints of nasal obstruction. Each patient had been diagnosed 
with a deviated nasal septum and had undergone septal sur-
gery. All subjects enrolled in the study were at least 18 years 
old and had undergone a physical examination during their 
outpatient clinic visit. In these patients, dynamic INV collapse 
was ruled out as a diagnosis by evaluating INV collapse dur-
ing forced inspiration. This study did not include CT scans 
showing the PNS of patients with acute or chronic rhinosi-

nusitis, nasal polyps, maxillofacial fractures, and/or a history 
of sinonasal surgery. 

The scans were acquired using multislice CT machines 
(scan settings: 120 kV and 200 mA; SOMATOM Definition 
AS+; Siemens Healthcare GmbH, Erlangen, Forcheim, Ger-
many). Each scan was conducted with 2.5-mm-thick sections, 
in both the axial and coronal planes.

We assessed the collapse of the ULC at the level of the INV 
by measuring the ULC angle, between the most protruding 
part of the ULC and the facial midline, with the INV being 
one cut anterior to the most anterior part of the inferior turbi-
nate [17]. To eliminate the influence of NSD, we established 
the facial midline using the anterior nasal spine and crista 
galli as reference points. We then measured the ULC angles 
on the left and right sides separately. Using these same refer-
ence points, we also assessed the degree of NSD. The gap in 
the ULC angle between the two sides of the nasal cavity was 
estimated to evaluate the extent of ULC collapse (Fig. 1A). The 
ULC angle was measured on the narrow (a) and wide (b) sides 
from the most protruding part of the ULC to the facial mid-
line (from the nasion to the anterior nasal spine). If the ULC 
angle on the wide side is larger than that on the narrow side, 
the gap value was deemed positive, while it was considered 
negative in the converse case. The degree of septal deviation 
was estimated (c) by comparing the line from the premaxilla 
to the crista galli with the line from the crista galli to the most 
prominent point of the nasal septum on the narrow side of the 
nasal cavity (Fig. 1B) [18].

Subgroup analyses were also carried out to further validate 
the association between caudal septal deviation or age and 
ULC collapse. NSD was classified as a caudal septal deviation 
when it was anterior to the anterior nasal spine [19].

All analyses were performed using the independent sam-

Fig. 1. Coronal computed tomography (CT) image showing the technique for measuring the degree of upper lateral cartilage (ULC) col-
lapse (A) and septal deviation (B). The midline of the face was set with the anterior nasal spine and crista galli as reference points, and 
then the left and right ULC angles were measured respectively. Based on these reference points, the degree of nasal septal deviation 
was also evaluated.
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ple t-test and Pearson correlation test in SPSS software (ver-
sion 22.0; IBM Corp., Armonk, NY, USA). A p-value of <0.05 
was considered to indicate statistical significance. A Pearson 
correlation coefficient (r) closer to +1 or -1 indicates a stron-
ger association between ranks.

This study was approved by the Institutional Review Board 
of Asan Medical Center, University of Ulsan College of Med-
icine (IRB No. 2019-0948). The patient’s consent was waived 
by the IRB approval.

RESULTS

The demographic and clinical characteristics of the pa-
tients involved in this study are outlined in Table 1. The study 
comprised 113 male patients and 29 female patients, with a 
mean age of 35.9 years (ranging from 18 to 79 years). There 
were 30 patients who were 50 years old or older. Among the 
142 patients in this study, 57 had a deviated caudal nasal sep-
tum only. There were 48 patients with right-sided NSD and 
94 with left-sided NSD. The average ULC angle on the devi-
ated and contralateral sides was 13.4°±2.7° and 14.3°±2.7°, re-

spectively. The paired t-test revealed statistically significant 
differences in the ULC angle between the deviated and con-
tralateral sides (p<0.001). The mean ULC angle gap was 
0.89°±2.66°. Despite the predominance of male patients in 
this study, there were no statistically significant differences 
between the male and female groups regarding the severity 
of septal deviation and ULC. 

We compared the degree of ULC and its collapse among 
various subgroups (Table 2). Interestingly, there was no sig-
nificant difference in ULC angles on the deviated contralater-
al side among patients with caudal NSD. However, patients 
with non-caudal NSD exhibited a statistically significant dif-
ference. A comparative analysis between the caudal septal 
deviation and non-caudal deviation groups showed that the 
difference in their ULC angles was not statistically significant 
(0.5°±3.1° vs. 1.1°±2.3°, p=0.166). However, when comparing 
the degree of ULC collapse between two age groups (≥50 vs. 
<50 years), the difference in ULC angles was significantly high-
er in the group consisting of patients aged less than 50 years 
(0.3°±3.8° vs. 1.1°±2.2°, p=0.014). 

The degree of ULC collapse in each patient (r=0.214, p= 
0.01) showed a positive correlation with the extent of NSD 
(Fig. 2). This statistical result suggests that the severity of 
ULC collapse is associated with the degree of septal deviation. 

DISCUSSION

In this study, we analyzed the correlation between the de-
gree of NSD and the collapse of the ULC using CT scans. Our 
findings revealed a direct correlation between the angle of 
NSD and the degree of ULC collapse. In addition to the devi-
ation of the nasal septum, the collapse of the ULC itself fur-
ther obstructed the nasal airway. These results imply that phy-
sicians should assess the INV prior to treating patients with 
NSD. Interestingly, we found no correlation between caudal 
septal deviation and ULC collapse. 

We suggest that the results of our study can be explained 
by Bernoulli’s principle. The relationship between the airflow 

Table 1. Demographic and clinical characteristics of the study pa-
tients

Variable Value (n=142)
Mean age (range), yr 35.9 (18–79)
Sex

Male 113 (79.6)
Female 29 (20.4)

Deviated side of nasal septum
Right 48 (33.8)
Left 94 (66.2)

Degree of ULC angle (°)*
Deviated side 13.4±2.7
Contralateral side 14.3±2.7

Values are presented as n (%) or mean±standard deviatioin un-
less otherwise noticed. *p<0.001, significant differences between 
the deviated and contralateral sides; analyzed using the paired t-
test. ULC, upper lateral cartilage

Table 2. Comparison of the degree of ULC collapse between caudal septal deviation versus non-caudal septal deviation group and be-
tween the two age groups (≥50 vs. <50 years)

ULC angle (°)
ULC collapse (°) p*

Deviated side Non-deviated side
Caudal septal deviation 0.166

Caudal (n=57) 13.3±2.8 13.8±2.7 0.5±3.1
Non-caudal (n=85) 13.4±2.7 14.6±2.7 1.1±2.3

Age (yr) 0.014
≥50 (n=30) 15.0±2.8 15.3±3.1 0.3±3.8
<50 (n=112) 13.0±2.5 14.0±2.6 1.1±2.2

*analyzed using the independent-sample t-test. ULC, upper lateral cartilage
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characteristics of both nasal cavities and NSD remains un-
established. Nonetheless, several researchers have explored 
the connection between septal deviation and airflow charac-
teristics using computational fluid dynamics. Their studies re-
vealed higher airflow rates and pressure in the narrower side 
of the nasal cavity [20,21]. The deviated septum can trigger an 
increase in the airflow rate, which subsequently generates a 
negative pressure on the ipsilateral side, leading to the col-
lapse of the ULC. Given that ULC weakening is a symptom 
of aging, we hypothesized that older subjects would be more 
prone to ULC collapse on the deviated side. However, this 
group surprisingly exhibited equal degrees of ULC on both 
the deviated and contralateral sides. We speculate that age-
related impairment of the structural stability of the ULC could 
result in ULC collapse on both the narrow and wide sides, ir-
respective of septal deviation. Since the caudal septum forms 
the external nasal valve, our study found no correlation be-
tween ULC collapse and caudal septal deviation.

Several previous studies have investigated the relationships 
between NSD, the septal body, and the enlargement of the in-
ferior turbinate. Setlur and Goyal [18] conducted an analysis 
of 100 sinus CT images from patients with septal deviation, 
finding that the septal body tended to be more pronounced 
on the side opposite to the deviation. The enlargement of the 
inferior turbinate, seen as a compensatory response to septal 
deviation, has been documented in several earlier studies 
[22,23]. In a recent study, Yu et al. [24] found a positive corre-
lation between septal body hyperplasia and inferior turbinate 
enlargement, and a negative correlation between INV area 
and septal body thickness. However, no previous study has 

explored the relationship between septal deviation and ULC 
collapse. To the best of our knowledge, our study is the first to 
investigate the correlation between NSD and ULC collapse. 
This study confirmed that patients with NSD are more likely 
to experience nasal valve collapse, with the severity of the 
collapse increasing with age. For patients undergoing surgery 
for NSD, it is crucial to determine the angle of the nasal valve. 
If necessary, concurrent nasal valve surgery can help alleviate 
the patient’s symptoms.

The present study had some limitations. Although males 
generally outnumber females among patients with NSD, the 
male proportion in this study was notably high, which could 
be seen as a limitation. However, when we analyzed the data 
by sex, we found no statistically significant difference between 
the two groups. The ULC is a dynamic structure that can col-
lapse during inhalation. Therefore, the relationship between 
NSD and ULC collapse warrants further evaluation, as do 
changes in the ULC angle during respiration. In this study, 
we excluded all patients diagnosed with dynamic nasal valve 
collapse and evaluated the ULC angle using CT imaging to 
assess static ULC collapse, rather than dynamic collapse. Fur-
thermore, because this study focused solely on the analysis of 
radiographic parameters, it is challenging to draw strong con-
clusions about the clinical implications of our findings. Future 
research could strengthen our findings by analyzing the cor-
relation between ULC collapse and patient symptoms, as well 
as airflow characteristics, which can be measured with com-
putational fluid dynamics. A study involving acoustic rhi-
nometry could also provide a more precise confirmation of 
our hypothesis. While the degree of septal deviation among 
the patients in this study varied (from 0° to 21°), our study 
lacked a “negative control” group without any symptoms. 
Therefore, additional research that includes asymptomatic 
patients seems necessary. To further assess the impact of ULC 
collapse on patients with nasal airway obstruction, a prospec-
tive study comparing the postoperative results of septoplasty 
and nasal valve surgery with concurrent septoplasty is also 
recommended. 

In conclusion, the degree of ULC collapse is notably linked 
with the degree of NSD on the convex side, which results in a 
more stenotic INV. These findings imply that physicians should 
investigate for additional concurrent anatomical abnormali-
ties of the INV, such as ULC collapse, in patients who have a 
deviated nasal septum.
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