
413

ACTA Otorhinolaryngologica Italica 2025 ;45:413-418; doi: 10.14639/0392-100X-A740

Received: November 3, 2024
Accepted: February 16, 2025

Correspondence

Zdeněk Knížek
E-mail: zdenek.knizek@nempk.cz

How to cite this article: Knížek D, Blanař V, Zíková P, et 
al. Novel approach for assessing nasal valve obstruction: 
a study of nasal valve patency using peak nasal 
inspiratory flow and flowmetry. Acta Otorhinolaryngol 
Ital 2025;45:413-418. https://doi.org/10.14639/0392-
100X-A740

© Società Italiana di Otorinolaringoiatria  
e Chirurgia Cervico-Facciale

 OPEN ACCESS

This is an open access article distributed in accordance with the 
CC-BY-NC-ND (Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International) license. The article can be used 
by giving appropriate credit and mentioning the license, but only 
for non-commercial purposes and only in the original version. For 
further information: https://creativecommons.org/licenses/by-nc-
nd/4.0/deed.en

Rhinology

Novel approach for assessing nasal valve obstruction: 
a study of nasal valve patency using peak nasal 
inspiratory flow and flowmetry

Summary

Objective. The aim of this paper is to compare the results of uing two methods designed to objectify 
nasal patency in patients with external and internal nasal valve obstruction. 
Methods. Nasal flow was measured by a flowmeter (behind the nasal valve area) and peak 
nasal inspiratory flow (PNIF; in front of the nasal valve area) separately for each side of the 
nasal cavity.
Results. Data included information from a total of 38 sides of the nasal cavity – 19 sides of the 
nasal cavity with an obstruction in the area of the nasal valve and 19 sides of the nasal cavity with-
out an obstruction. There were no statistically significant differences in terms of age (p = 0.299), 
gender (p = 1.000) and flowmetry values (4.28 vs 4.26; p = 0.462) between the two groups. Statis-
tically significant differences between groups were found for visual analogue scale (VAS)  of nasal 
patency (4.99 vs 8.64; p < 0.001) and PNIF scores (36.1 vs 91.6; p = 0.002). 
Conclusions. To determine the contribution of obstruction to the clinical condition in the nasal valve 

Cover figure. Using a combination of two devices to measure nasal patency in patients with 
nasal valve area pathology based on the localisation of the measurement site.
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area, it is appropriate to use a combination of methods measuring in the area in front of and behind the nasal valve. According to our observations, the 
combination of PNIF and flowmetry may be advantageous in the evaluation of these patients.

Key words: flowmetry, nasal obstruction, nasal valve, peak nasal inspiratory flow, functional rhinoplasty

Introduction
Nasal obstruction is a bothersome symptom that has a nota-
ble impact on quality of life, emotional function, productiv-
ity and the ability to sleep and perform daily activities 1,2. 
The most common cause of nasal congestion in adults is 
rhinitis and rhinosinusitis 3, while obstruction in the nasal 
valve area is one of the less frequent causes 4,5. The nasal 
valve, and its external and internal components, has been 
described anatomically as the cross-sectional area of the na-
sal cavity with the greatest overall resistance to airflow, thus 

acting as the dominant determinant for nasal inspiration 6.
Aetiologies of external and internal nasal valve dysfunction 
can be broken down into static and dynamic causes. Static 
nasal valve dysfunction is seen at rest, due to anatomic nar-
rowness or obstruction; dynamic nasal valve dysfunction 
occurs when the patient inspires  7. Ideal management of 
patients with nasal valve obstruction and any other concur-
rent cause of nasal obstruction can be challenging even for 
experienced rhinologists  5,8. It is therefore advisable to use 
a combination of visualisation of external structures of the 
nose, nasal endoscopy and methods designed to objectify 
the degree of nasal patency to determine the location of ob-
struction. There are several methods to objectify nasal ob-
struction, with rhinomanometry, acoustic rhinometry, and 
peak nasal inspiratory flow (PNIF) being the most frequently 
used 9-11. Objectifying nasal obstruction in patients with a na-
sal valve pathology can be complicated and the results can be 
biased 12. The aforementioned methods always require good 
patient cooperation, as the patient must follow the examiner’s 
instructions and breathe accordingly. Moreover, to achieve 
consistent results it is important to ensure a proper seal of 
the facial mask, occlude the contralateral nostril, and prevent 
oral breathing. Patient reports of nasal obstruction do not al-
ways correlate with objective assessments. Rhinomanometry 
and PNIF measurements using a facial mask can be influ-
enced by mask fit, particularly in men with facial hair. 
The biggest disadvantage of rhinomanometry and PNIF 
is that nasal valve function is not independently assessed, 
which can affect the results in patients with irregular or 
narrow nostrils. This can impact clinical decision making 
about further clinical management.
A new measurement method for objectifying nasal obstruc-
tion has been developed, nasal flowmetry, which is designed 
to objectify nasal patency behind the nasal valve area 13. The 
nasal flowmeter is a 320x130x32 mm device that is freely 
portable. Modified nasal cannula is used to test nasal pa-
tency – one free end for insertion into the nostril is cut off 
and blinded with tape. The cannula is then connected to the 
device and the other free end of the cannula is inserted into 
one of the patient’s nostrils (Fig. 1). The flow through the 
cannula from the nasal cavity is then captured by the device 
for 40 seconds and converted from cubic centimetres to an 
output voltage, which is graphically expressed on the device 
screen. Voltage of 3.0 V corresponds to 0 cm of nasal flow, 

Figure 1. Flowmetry. Adjustment of the nasal cannula to enable meas-
urement with the device. The part of the nasal cannula intended for in-
sertion into the left nostril is cut off and taped over, and the measure-
ment is then carried out for each side separately using only the part of 
the oxygen goggles intended for insertion into the right nostril (upper 
part). The nasal cannula is connected to the flowmeter, which displays 
the breathing pattern on the device screen. The result is the average of 
the resting inspiratory peaks recorded by the device (lower part).
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with inspiration and expiration then biasing away from 3.0 V. 
Measurement with this method requires only minimal patient 
cooperation. However, flowmetry has not been compared 
with other methods, except endoscopic examination and sub-
jective patient assessment. Flowmetry was used to assess the 
relationship between nasal endoscopy findings and continu-
ous positive airway pressure adherence 14.
The aim of this paper is to compare results of two methods 
designed to objectify nasal patency, one in front of the nasal 
valve area and the other behind it (Cover figure).

Materials and methods
A total of 26 patients were enrolled in this prospective, 
monocentric, analytical study, which was conducted in a 
regional hospital from September 2021 to November 2023. 
We included patients with nasal obstruction due to pathol-
ogy in the area of the nasal valve. To detect this pathology, 
the external structures of the nose were visualised at steady 
state and during maximal inspiration (Fig. 2). Next, nasal 
endoscopy was performed to detect nasal septum deform-
ity or any other anatomical abnormality that could lead to 
nasal obstruction. The results were divided in 2 groups, the 
first with nasal valve obstruction and the second without. 
Mladina classification was used to score nasal septal de-
formity 15,16. Patients with other conditions that could poten-
tially cause nasal obstruction (e.g. rhinitis, rhinosinusitis, 
septal perforation, tumours) were excluded. 
The subjective assessment of nasal patency was measured 
using a 10-point visual analogue scale (VAS) for each side 
of the nasal cavity, when 0 points were total obstruction and 
10 points no obstruction. 
Nasal flow of each side of the nasal cavity was measured 
with a flowmeter (Elmet s.r.o., Přelouč, Czech Repub-
lic) – nasal flow was measured using a nasal cannula into 
which the patient breathes quietly for 40 seconds. The result 
was the average of the measured inspiratory peaks, which 
considers values between 3.0 V and 6.0 V 13. PNIF was used 
to measure nasal flow in the area in front of the nasal valve. 
In-check portable nasal inspiratory flowmeter (Clement 
Clarke International Ltd, Mountain Ash, United Kingdom) 
was used. The patient took 3 breaths, and the highest value 
measured in litres per minute was used as the final result. To 
measure nasal flow separately on each side, the other side of 
the nasal cavity was closed with surgical tape. 
Jamovi 2.3.26 software (www.jamovi.org) was used for 
statistical analysis. The characteristics of the groups were 
described, and the Shapiro-Wilk test was used for the nor-
mality test. Two-sample t-test or non-parametric Mann-

Whitney test was used to compare groups. P values < 0.05 
were considered statistically significant.

Results
From September 2021 to November 2023, a total of 26 
patients were enrolled in the study. During our visual ob-
servation examination, we found nasal valve obstruction in 
13 patients – external nasal valve collapse in 4 patients (2 
bilateral and 2 unilateral), narrowing of the internal nasal 
valve in 3 patients (2 bilateral and 1 unilateral), severe uni-
lateral subluxation of the nasal septum in 4 patients, and 
substantially wide columella in 2 patients (both bilateral). 
The data included information from 19 sides of the nasal 
cavity (Tab. I). We observed a concomitant septal deformity 
in 8 cases [type 1 (n = 3), type 3 (n = 3) and type 5 (n = 2) 
according to Mladina classification; Table II]. We were able 
to obtain data from 19 sides of the nasal cavity in 13 pa-
tients with the same nasal septum shape but without ob-
struction in the nasal valve area, corresponding to the group 
of patients with nasal valve obstruction (Tab. II). Data from 
a total of 38 sides of the nasal cavity were statistically ana-
lysed. No complications were observed during the exami-
nation process. 

Figure 2. Diagram of the most common nasal valve pathologies during 
steady state (A) and during maximal inspiration (B). I = external nasal 
valve collapse (bilateral, narrowing of more than 90% during maximal 
inspiration), II = severe septal subluxation (right-sided, more than 75% 
narrowing), III = wide columella (bilateral, more than 50% narrowing on 
each side), IV = internal nasal valve narrowing (bilateral, more than 50% 
narrowing).
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There were no statistically significant differences in terms 
of age (p = 0.299), gender (p = 1.000) and flowmetry values 
(4.28 vs 4.26; p = 0.462) between the 2 groups. Statistically 
significant differences between groups were found for VAS 
of nasal patency (4.99 vs 8.64; p < 0.001) and PNIF scores 
(36.1 vs. 91.6; p  =  0.002). Detailed results are shown in 
Table III.

Discussion
Nasal congestion can have a significant impact on an indi-
vidual’s quality of life and overall well-being. It can affect 
emotional function, productivity, and the ability to perform 
daily activities 1,2. Common causes of nasal congestion in 
adults include chronic rhinosinusitis and allergic rhinitis 17.
When evaluating a patient with nasal obstruction, it is im-
portant to take a thorough history and perform a detailed 
physical examination. This examination should include an 
evaluation of both internal and external structures of the 
nose, as both can contribute to nasal airflow obstruction. 
Nasal endoscopy may reveal the cause of nasal obstruction 
due to internal sources such as septal deviation or turbinate 
hypertrophy. This approach allows the surgeon to formulate 
an appropriate treatment plan 5.
Nasal valve obstruction is one of the less common causes 
of nasal congestion and its optimal treatment plan may re-
quire rhinoplasty 4,5. Many physicians often perform a sep-
toplasty or rhinoseptoplasty without objectifying the nasal 
patency prior to surgery. The results of these procedures 

can sometimes be unsatisfactory 18. Therefore, it is recom-
mended to use a combination of diagnostic methods with 
highest possible clinical benefit to measure nasal patency in 
order to optimally determine the treatment plan, since this 
will lead to improved surgical outcomes and a better quality 
of life for patients 19. 
Many devices have been described to measure nasal patency, 
some of which are validated and standardised (e.g. rhinoma-
nometry, acoustic rhinometry), and some of which are vali-
dated but not yet standardised (e.g. PNIF, flowmetry) 9-11,13. 
Devices to measure nasal patency are not used frequently in 
daily practice, with one of the main reasons being non-corre-
lation between subjective assessment and objective measure-
ment 20. The reason for this non-correlation is still debated, 
with some authors suggesting that nasal valve obstruction or 
low trigeminal sensitivity are among the many reasons 12,21. 
Therefore, it is clear that the nasal valve region plays a key 
role in nasal breathing. A variety of techniques have been 
described in the literature to correct nasal valve compro-
mise, but based on current evidence it is impossible to ad-
vise a patient on which technique is the most effective 22. 
Barnes et al. have pointed out the complexity of objectify-
ing nasal patency in patients with nasal valve pathology due 
to the frequent presence of associated pathologies causing 
nasal obstruction (e.g. nasal septal deformity, inferior turbi-
nate hypertrophy) 12. 
The Cottle manoeuvre seems to be the most widely used 
method to detect nasal valve pathology, but one must bear 
in mind that the result provided by the manoeuvre is non-
specific and its interpretation is questionable. In the obser-
vation of Das and Spiegel, 97% of the healthy volunteers 
recruited experienced a significant improvement in nasal 
patency after the Cottle manoeuvre, although none of the 
participants required surgery in the nasal valve area 23. 
According to observation of Tasca et  al., rhinomanometry, 
performed in a decongested state and after dilation test, was 
a useful diagnostic tool for preoperative diagnosis of nasal 
valve obstruction and allowed quantitative evaluation of the 
beneficial effect of surgical procedures  22. Gagineur et  al. 
concluded that four-phase rhinomanometry is able to repro-
duce internal valve collapse with high specificity (89.9%) 
and sensitivity (88.3%)  24. In our observation, we focused 
not only on measuring nasal airflow in patients with internal 
valve pathology, but also in patients with external nasal valve 
pathology by using two devices to objectify nasal patency. 
Tikanto et  al. combined the Cottle manoeuvre and mucosal 
decongestion while using acoustic rhinometry to localise pos-
sible valve pathology 25. According to their results, the Cottle 
manoeuvre significantly increased the first minimum cross-sec-

Table II. Concurrent septal deformities according to Mladina in both 
groups.

Septal deformity 
(Mladina)

Nasal valve pathology 
(n = 19)

Without nasal 
valve pathology 

(n = 19)

Type 0 11 11

Type 1 3 4

Type 3 3 2

Type 5 2 2

Table I. Types of nasal valve pathology in the observed group.

Nasal valve pathology n = 19

External nasal valve collapse 6

Severe septal subluxation 4

Wide columella 4

Internal nasal valve narrowing 5
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tional area, and the increase was more evident after deconges-
tion of the nasal mucosa. The changes in the second minimum 
cross-sectional area were not significant, and they concluded 
that the value of the Cottle manoeuvre in investigating a pos-
sible valve insufficiency may be greater when the nose is exam-
ined both before and after decongestion of the nasal mucosa 25. 
In addition to the Cottle manoeuvre, some authors have also 
used nasal dilators (e.g. Nozovent, Breathe Right) when objec-
tifying nasal patency around the nasal valve area 26-28.
When assessing and objectifying nasal patency, it is important 
to consider any possible nasal valve pathology. This means 
distinguishing whether the measurement is made in front of or 
behind the nasal valve area. In our study, we used two devices 
to measure nasal patency: the PNIF device to measure patency 
in front of the nasal valve and a flowmeter to measure pa-
tency behind the nasal valve. Flowmetry is a validated device 
to measure nasal airflow. According to previous publications, 
there is a significant difference in nasal flow values between 
healthy individuals and patients with various degrees of nasal 
septal deviation and/or inferior turbinate hypertrophy 13.
Our study found a significant difference in subjective evalu-
ation of nasal patency and PNIF values between comparable 
groups of patients with and without nasal valve pathology. 
This suggests that the device measuring nasal flow anterior 
to the nasal valve was able to accurately detect differences 
in nasal flow associated with nasal valve pathology. How-
ever, there was no significant difference in flowmetry values 
(i.e. measurements taken behind the nasal valve) between the 
groups. This was expected, since nasal valve pathology pri-
marily affects airflow in front of the nasal cavity. Based on 
flowmetry values, we were able to predict whether the pa-
tients would require correction of not only the nasal valve but 
also the septum in a single surgical procedure. It is clear that a 
combination of objective measurements can provide valuable 
information on nasal patency and may help guide treatment 
decisions in patients with nasal congestion and nasal valve 

pathology. To our knowledge, this is the first observation of 
nasal patency in patients with a nasal valve pathology using 
two devices when taking into account the measurement site. 
The limitations of our study are the small number of pa-
tients – the study includes only 26 patients and 38 nasal cav-
ity sides. The limited sample size is due to the rarity of the 
pathology and strict enrolment process. Therefore, the results 
cannot be generalised. The benefit of the examination must 
thus be confirmed on a larger sample. Another limitation is 
the fact that the devices for flowmetry and PNIF are validated 
but not yet standardised. It would be beneficial to analyse 
the results of a larger cohort and a combination of standard-
ised instruments, e.g. a combination of rhinomanometry and 
PNIF, in further observations. It would also be beneficial to 
establish a standardised examination procedure, including 
timing, since an individual result may be influenced by con-
current inferior turbinate hypertrophy caused by concurrent 
rhinitis or nasal cycle. Further observational studies should 
also investigate whether the surgical approach was changed 
after the use of the combined methods and whether perform-
ing both tests of nasal patency is cost-effective. Given that 
both flowmetry and PNIF are portable, inexpensive and rapid 
methods of investigation, and that functional rhinoplasty is 
considered a procedure with a significant impact on quality 
of life, we believe that it should be cost-effective.

Conclusions 
To determine the proportion of the obstruction in the nasal valve 
area, it is appropriate to use a combination of methods measuring 
in the area in front of and behind the nasal valve. By combining 
flowmetry and PNIF, the site of obstruction can be accurately 
localised, thereby avoiding potential misdiagnosis and unneces-
sary intranasal surgery. This combination may be advantageous 
in the evaluation of these patients and provides important infor-
mation when considering further surgical treatment.

Table III. Input data and the results of the studied sample.

Total (n = 38)

Nasal valve obstructed Nasal valve unobstructed p value

(n = 19) (n = 19)

Age (years) 43.6 (19-67; SD 15.5) 49.6 (21-75; SD 16.5) 0.299

Gender (% male) 47.4 47.4 1.000

VAS of nasal patency 4.99 (0.9-10; SD 2.77) 8.64 (4.9-10; SD 1.28) < 0.001

Flowmetry (V) 4.28 (3-6; SD 0.64) 4.26 (3.2-4.8; SD 0.42) 0.462

PNIF (L/min) 36.1 (0-70; SD 23.7) 91.6 (35-290; SD 68.9) 0.002
SD: standard deviation; VAS: visual analogue scale; PNIF: peak nasal inspiratory flow.
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