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Abstract

Objectives In clinical practice, lateral nasal wall collapse during forced inspiration is widely regarded as a sign of nasal obstruction

or criterion indicating nasal valve surgery. This study aims to evaluate the relationship between the degree of lateral nasal wall

collapse and subjective nasal obstruction. Design Case-Control study Setting Tertiary centre hospital Participants Case group

consisted of 24 patients who had been diagnosed with a deviated nasal septum or nasal valve stenosis. Control group consisted

of 27 volunteers with no nasal obstruction symptoms and no septal deviation on nasal endoscopy. Main outcome measures

Lateral nasal wall collapse is determined by the degree of lateral nasal wall triangle (LNWT) area reduction on frontal view

during forced inspiration compared to quiet inspiration. LNWT area ratio of the patient and control groups was compared.

The relationship between the lateral nasal wall collapse and clinical factors including symptom scores, nasal valve angles, skin

thickness were evaluated. Results The average LNWT area ratio of the patient (n=24) and control groups (n=27) was 0.96

and 0.83 respectively (p=0.001). Symptom score (NOSE and VAS) is not related to the degree of lateral nasal wall collapse.

Moreover, nasal valve angle and skin thickness were also not related to the degree of lateral nasal wall collapse. In 14 of the 19

patients, the more obstructed side corresponded to the side of narrower nasal valve angle, and 5 were not. Conclusion Lateral

nasal wall collapse is not related to a patients’ nasal obstruction.

ABSTRACT

Objectives

In clinical practice, lateral nasal wall collapse during forced inspiration is widely regarded as a sign of nasal
obstruction or criterion indicating nasal valve surgery. This study aims to evaluate the relationship between
the degree of lateral nasal wall collapse and subjective nasal obstruction.

Design

Case-Control study

Setting

Tertiary centre hospital

Participants

Case group consisted of 24 patients who had been diagnosed with a deviated nasal septum or nasal valve
stenosis. Control group consisted of 27 volunteers with no nasal obstruction symptoms and no septal devia-
tion on nasal endoscopy.

Main outcome measures
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. Lateral nasal wall collapse is determined by the degree of lateral nasal wall triangle (LNWT) area reduction
on frontal view during forced inspiration compared to quiet inspiration. LNWT area ratio of the patient and
control groups was compared. The relationship between the lateral nasal wall collapse and clinical factors
including symptom scores, nasal valve angles, skin thickness were evaluated.

Results

The average LNWT area ratio of the patient (n=24) and control groups (n=27) was 0.96 and 0.83 respectively
(p=0.001). Symptom score (NOSE and VAS) is not related to the degree of lateral nasal wall collapse.
Moreover, nasal valve angle and skin thickness were also not related to the degree of lateral nasal wall
collapse. In 14 of the 19 patients, the more obstructed side corresponded to the side of narrower nasal valve
angle, and 5 were not.

Conclusion

Lateral nasal wall collapse is not related to a patients’ nasal obstruction.

Five key points

Control group exhibited a larger degree of lateral nasal wall collapse compared with the case group, the
LNWT average area ratio of the case and control groups was 0.96 and 0.83, respectively.

Nasal obstruction symptom scores (VAS and NOSE) were not related to the degree of lateral nasal wall
collapse.

Nasal valve angle was not related to the degree of lateral nasal wall collapse.

Nasal skin thickness was not significantly related to the degree of lateral nasal wall collapse.

The associated factor for nasal obstruction in this study was the sides with narrower nasal valve angle.

Keywords

Nasal obstruction, Lateral nasal wall collapse, Nasal valve, Forced inspiration

Introduction

Nasal obstruction is one of the most common symptoms managed in otolaryngology practice. The nasal
valve is the narrowest segment in the nasal cavity. Anatomically, the nasal valve area consists of the caudal
border of the upper lateral cartilage, nasal septum, nasal floor, and the end of the inferior turbinate(1). A
narrow or closed nasal valve could cause nasal obstruction(2). Many tools have been used to evaluate nasal
valve function, including rhinoscopy, nasal endoscopy, modified Cottle’s maneuver, acoustic rhinometry, and
computed tomography. However, no gold standard test is being used to accurately and objectively diagnose
nasal valve dysfunction(3).

In clinical practice, many patients having a stuffy nose demonstrate the collapse of the lateral nasal wall
and try to express how much they are suffering from nasal obstruction. Even surgeons tend to regard nasal
wall collapse during forced inspiration as an indication criterion of nasal valve surgery(4). However, the
relationship between the lateral nasal wall collapse and nasal obstruction in patients is not well understood.

This study aims to evaluate the relationship between the degree of lateral nasal wall collapse and subjective
nasal obstruction. In addition, the clinical significance and diagnostic value of the lateral nasal wall collapse
were investigated.

Materials and Methods

Patients

The medical records of the patients who visited the otolaryngology clinic at Blinded for review with
complaints of nasal obstruction from December 2019 to June 2020 were reviewed. Patients who had been
diagnosed with a deviated nasal septum or nasal valve stenosis and had undergone subsequent surgery aimed

2
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. to correct nasal breathing function were included in the case group. The surgery performed on the patients
included septoplasty, open rhinoseptoplasty, and valve surgery. Patients who had a severe skin disease, nostril
stenosis, sinusitis, and nasal polyposis were excluded. Consequently, 24 patients met the inclusion criteria.
The control group consisted of 27 volunteers with no nasal obstruction symptoms and no septal deviation on
nasal endoscopy. All patients in the case group had an ostiomeatal unit computed tomography (OMU CT)
scan before surgery, and no computed tomography (CT) scan was taken in the control group. Moreover,
demographic data, symptom score questionnaires, surgical records, and facial videos were collected from the
participants.

This study was approved by the Institutional Review Board ofBlinded for review , and all participants
agreed to take facial imaging and signed informed consent. (IRB No. 2020-0160).

Measuring nasal valve angle and skin thickness

The OMU CT scans were obtained using a 128-slice CT machine (SOMATOM Definition AS, Siemens
Healthcare, Erlangen, Germany) at a 2-mm slice thickness. CT scans showed the nasal valve angle degree.
The nasal valve angle was anatomically determined between the nasal septum and caudal border of the
upper lateral cartilage. The angle of the nasal valve on each side was measured on the coronal plane of the
CT image. Imaging of the level of the nasal valve showed the anterior end of the inferior turbinate (Figure
1.A). Nasal skin thickness was measured on the axial plane of OMU CT scans. Bilateral nasal skin thickness
at the rhinion and nostrils were measured by an in-house software (PetaVision;Blinded for review Figure
1. B, C).

Subjective nasal obstruction

Nasal Obstruction Symptom Evaluation (NOSE) and visual analog scale (VAS) questionnaires were collected
from all participants. The NOSE score consists of five questions concerning subjective assessment of the
nasal obstruction. Each question can be answered on a 5-point scale from 0 (not a problem) to 4 (severe
problems). The patient’s score can be scaled from 0 to 100 after multiplying the raw score by 5. For the
VAS score, the participant was asked to choose the scale (1–10) that best fits the nasal obstruction severity.

Video

Facial videos were obtained from all participants with informed consent. This video was taken with iPhone
7’s rear camera 30 cm in front of the face. The Frankfort line (the line connecting the tragal cartilage with
the upper margin of the external auditory canal) was placed horizontally in the center of the video. Quiet
and forced inspiration videos were simultaneously recorded. All participants were asked to breathe quietly
as usual at first and breathe intensely the second time. The degree of lateral wall collapse during inspiration
was measured using the video image by the method described below.

Measurement of lateral nasal wall collapse

Images in this video were captured during moments of quiet and forced inspiration. Forced inspiration photos
were captured when the lateral nasal wall was depressed the most. A simple method was devised to calculate
the degree of the lateral nasal wall collapse. First, the tip-defining point (TDP) in the captured image was
marked. Lines were then vertically and horizontally drawn on the TDP. The point where the vertical line
meets the interpupillary line was called point a. A hypotenuse was made by connecting the point where the
alar crease ended on the same side in a. The point where the horizontal line and hypotenuse met becomes
point b. In this study, a right-angled triangle with three vertices of a, b, and TDP was called the lateral
nasal wall triangle (LNWT; Figure 2). The length of the three sides of a triangle was measured using the
software Picpick v5.1.3 (NGWIN). The area-to-area ratio was calculated as follows:

LWNT area = base × height × 1
2

Area ratio = area in forced inspiration
area in quiet inspiration

Statistical analysis

3
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. All statistical analyzes were performed using the Statistical Package for the Social Sciences (SPSS), version
21 (IBM, Chicago, IL, USA). Statistical significance was defined as P value <0.05. The difference in lateral
wall collapse between the case and control groups was compared using the t -test. The gamma–kappa test was
used to assess the agreement in subjective symptoms, lateral nasal wall collapse, and nasal valve. Moreover,
the relationship between the symptom score, lateral nasal wall collapse, and nasal valve angle was analyzed
through a correlation test.

Results

Patient demographics for each group are shown in Table I. No statistically significant differences in age and
gender between the two groups were noted. In the case group, 3, 1, and 20 patients had right-side, left-side,
and bilateral nasal obstructions, respectively. Of the 20 patients, the right-side nostril felt more clogged than
the left in 3 patients, 12 felt more in the left side, and the other 5 felt the same degree of obstruction in both
sides. The subjective nasal symptom score is also shown in Table I. NOSE and VAS scores were significantly
higher in the case than in the control group.

Lateral nasal wall collapse: Case vs. control group

The degree of lateral nasal wall collapse can be determined by the degree of LNWT area reduction during
forced inspiration compared to quiet inspiration. Moreover, the LNWT area ratio of the case and control
groups was compared. This analysis included 48 and 54 areas from the case and control groups, respectively.
The average area ratio of the case and control groups was 0.96 and 0.83, respectively. The area of the case
group decreased by 4% during forced inspiration compared to the quiet inspiration. However, this decrease
was not statistically significant (p = 0.342). The area of the control group decreased by 17% compared to the
quiet inspiration, which was statistically significant (Table II). Statistically significant difference was noted
in the area ratio between the case and control groups (p = 0.001).

Symptoms of nasal obstruction and lateral nasal wall collapse

Of the 24 patients in the case group, 19 had a unilaterally dominant nasal obstruction and 5 reported that
both noses were blocked to a similar extent. In these 19 patients, the ratio of the LNWT area on the more
clogged side was compared with the less clogged side. The area ratio of the more and less clogged sides was
0.92 and 1.00, respectively, with no noted significant difference (p = 0.145), In 12 of the 19 patients, the
more clogged side corresponded to the side of more lateral nasal wall collapse, and 7 were not. The degree of
agreement between the more clogged side and the side in which more lateral nasal wall collapse occurred was
analyzed with a gamma–kappa agreement test. The sides did not match (κ = 0.304, p = 0.127). When the
relationship between the symptom score (NOSE scale and VAS score) and LNWT area ratio was analyzed,
neither is related (p = 0.303 and p = 0.653).

Symptom of nasal obstruction and valve angle

The side with more obstruction of the nose was also compared to the side with the narrower nasal valve
angle on the OMU CT scan. Of the 24 patients in the case group, 19 patients with unilateral dominant
nasal obstruction were included in the analysis. In 14 of the 19 patients, the more obstructed side and
narrower nasal valve angle were similar, and 5 were on the other side. Concordance was analyzed using
the gamma–kappa test, and the kappa value was 0.463, indicating moderate agreement (Table III). The
relationship between the symptom scores and nasal valve angles on the narrower side was analyzed using
Spearman correlation analysis. In 19 patients with a unilaterally dominant nasal obstruction in the case
group, both NOSE and VAS scores had no statistically significant relationship with the nasal valve angles
(p = 0.154 and p = 0.352).

Lateral nasal wall collapse and valve angle

The relationship between nasal valve angle and lateral nasal wall collapse was evaluated. This analysis
included 48 areas in 24 patients in the case group. The average nasal valve angle in the 48 areas was 11.01°.

4
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. Spearman correlation analysis was used to evaluate the correlation between the angle of the nasal valve and
area ratio of the collapse of the lateral nasal wall; it was also found to not correlate (p = 0.351). (Table IV)

Lateral nasal wall collapse and skin thickness

Nasal skin thickness at the rhinion and the nostrils were measured in the axial cut of the OMU CT. The
relationship between skin thickness and lateral wall collapse was analyzed. However, the skin thickness was
not significantly related to the degree of lateral nasal wall collapse (p = 0.972 and p = 0.993, at the rhinion
and the nasal tip, respectively) (Table IV)

Discussion

This study confirmed that no significant correlation exists between nasal obstruction symptom scores and
the degree of lateral nasal wall collapse. The lateral nasal wall collapsed more in the normal subject than in
the patient group with nasal obstruction.

Physiologic lateral nasal wall collapse is hardly distinguished from pathologic collapse. In a study of dynamic
changes in nasal valve movement using MR-Cine imaging technique, the authors reported that the nasal
valve angle was narrowed on average to 68% of the baseline angle upon forced inspiration in normal subjects
with no nasal obstruction symptoms(5). Chang suggested that lateral wall collapse itself should not be
interpreted as nasal obstruction caused by nasal valve dysfunction because lateral nasal wall collapse during
inspiration may be a physiological phenomenon that reflects the simple collapsibility of the nasal structure(6).
However, despite the lack of sufficient evidence, both patients and doctors conventionally considered lateral
nasal wall collapse as a sign of nasal obstruction or criterion indicating nasal valve surgery. In a survey of
otolaryngologists, nearly half of the respondents identified visible valve collapse on inspiration, as the most
important finding suggesting the need for nasal valve repair(4). This study is meaningful in that the results
indicate that lateral nasal wall collapse may not indicate a patients’ nasal obstruction.

The primary result of this study suggests that the control group exhibited a larger degree of lateral nasal
wall collapse compared with the case group. Nasal wall collapse is determined by the interaction of the
three main factors: atmospheric pressure outside the nostril, static pressure in the nasal cavity, and elasticity
(rigidity) of the nasal wall(7). According to the Bernoulli equation(8), the static pressure tends to decrease
in the nasal valve area, where the velocity increases due to the reduced cross-sectional area. The lateral
wall may collapse inward in the presence of a large pressure drop occurring in the nasal valve area. Forced
inspiration would not induce much larger air velocity or equivalently much lower pressure in the airway than
quiet inspiration because the case group is characterized by persistent nasal obstruction. On the other hand,
forced inspiration would allow much larger velocity or equivalently much lower pressure in the control group,
which exhibits normal nasal patency. Therefore, the larger pressure difference (between atmospheric pressure
and the pressure in the airway) developed in the control group in forced inspiration is likely to cause greater
nasal wall collapse6.

Neither the sides of nasal obstruction nor symptom scores were related to lateral nasal wall collapse in the
case group. The only factor associated with nasal obstruction in this study was the sides with narrower
nasal valve angle. In 14 of 19 patients, the more clogged side of the nostrils coincided with the sides with a
narrower nasal valve. However, no linear correlation between symptom score and nasal valve angle was noted.
Attempts have been made to find the objective factors associated with nasal obstruction. Verhoeven et al.
demonstrated that the type and severity of septal deviation were not related to the degree of subjective nasal
obstruction(9). Shafik et al. reported that no correlation was noted between nasal valve angle and NOSE
score measurement(3). Furthermore, Lee et al. reported a correlation between the degree of subjective nasal
obstruction and anatomical features of the posterior nasal cavity(10). The perception of nasal patency is the
result of several complex physical and sensory factors (e.g., mucosal heating, humidity, nasal resistance, and
nasal trigeminal sensitivity)(8, 11). Thus, finding objective anatomical factors that are directly related to
nasal obstruction is difficult.

This study found that the nasal valve angle and skin thickness were also not related to lateral nasal wall

5
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. collapse. A few studies exist on the collapsibility of the lateral nasal wall. Maalouf et al. reported that the
difference between the absolute value of inspiratory and expiratory flow was significantly higher in the nasal
valve collapse than in the no collapse group(12). Studies on the biomechanical evaluation of nasal skin have
shown that the skin of the patients with nasal valve collapse appears to retain elasticity, but has increased
flexibility compared with the nasal skin without valve collapse(13). However, further studies on lateral nasal
wall collapse concerning skin thickness are needed.

This study has several limitations. First, whether the lateral nasal wall collapse caused by forced inspiration
can represent the patient’s real symptoms in daily life is questionable. Forced inspiration, except for strenuous
exercise, is rare in everyday life. Moreover, the speed and amount of inhalation airflow varies in patients and
may vary depending on the time and place. Second, the methodological problem is another limitation. A
grading system for lateral nasal wall collapse based on an endoscopic intranasal view according to the medial
movement of the lateral nasal wall was proposed(14, 15). Moreover, Choi diagnosed lateral wall collapse
when the patient had nostril obstruction at the basal view during forced inspiration(16). A new method
for measuring the degree of collapse by comparing the quiet and forced video image of inspiration was
devised because few studies have previously quantified the degree of lateral nasal wall collapse. Anatomical
landmarks were drawn and measured based on manually captured video images, which may result in poor
reproducibility.

Third, all participants in this study were Korean. It is likely that Caucasian patients with a tall narrower
nose would have much more significant nasal airway obstruction upon forced inspiration(17). Asian patients
have a wider nasal valve angles and thicker nasal sidewalls that are better able to resist collapse upon forced
inspiration. Hence, the different nasal anatomy between the Asian and Caucasian may limit the generalization
of our study results.

Conclusions

In conclusion, the lateral nasal wall collapsed more in normal subjects than in patients with nasal obstruction.
The collapse of the lateral nasal wall was not related to the degree of obstruction symptoms, angle of the
nasal valve, or nasal skin thickness. The only associated factor for nasal obstruction in this study was the
sides with narrower nasal valve angle. Thus, the clinical significance of lateral nasal wall collapse needs to
be reconsidered.
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