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Total Nasal Airway Resistance With Different Head 
Positions in Allergic Rhinitis Patients: A Four-Phase 
Rhinomanometric Study

ABSTRACT

Objective: To investigate the changes in nasal airway patency with different head 
positions in patients with allergic rhinitis (AR).

Methods: A total of 30 patients diagnosed with AR were included. The patients were 
asked to stand upright (temperature, 22-24°C; humidity, 40-70%), to lie down at an 
angle of 45° from the horizontal position, and to lie down in a supine position, main-
taining each position for 20 minutes. A four-phase rhinomanometric (4PR) evaluation 
was performed on them in these 3 body positions. The effective and vertex resistances 
during inspiration and expiration were evaluated utilizing HRR2 4PR (RhinoLab GmbH, 
Hamburg, Germany).

Results: There was a significant decrease in nasal resistance and an obvious increase 
in nasal conductance with the alteration from the supine to the 45° inclined position 
(P < .05). There were noteworthy differences in the 4PR scores between the standing 
and supine positions and the supine and 45° inclined positions (P < .05). In contrast, no 
remarkable differences were detected in the 4PR scores between the standing and 
45° inclined positions (P > .05).

Conclusion: Our results showed that head elevation impacts nasal resistance and air-
flow conductance in patients with AR. Objective measures of nasal obstruction are 
more evident in the supine position than in the standing and 45° inclined positions. 
These findings might enable some practical recommendations which our patients can 
follow to relieve their nasal obstruction caused by AR.

Keywords: Allergic rhinitis, four-phase rhinomanometry, head position

INTRODUCTION

Allergic rhinitis (AR) is the inflammation of the nasal mucosa, characterized by an IgE-
mediated hypersensitive reaction to trigger molecules, that range widely from animal 
dander to grass.1 Once a patient is sensitized to a particular antigen, every exposure results 
in an increased outflow of various mediators such as histamine, interleukins, platelet-acti-
vating factor, etc.2 The main consequences of this hyperactive response by a sensitized 
mucosal lining are a watery nasal discharge, nasal obstruction, sneezing, and nasal itching.3 
As the most prominent symptom of AR, nasal obstruction is linked with inflammatory nasal 
edema. Although the nasal airway is affected by various external factors, the dynamic 
nature of nasal mucosal tissue also makes it over-reactive to various physiological changes, 
such as hormonal, neural, vascular, etc.4 Allergic rhinitis is one of the many reasons for nasal 
obstruction. Nasal obstruction in AR occurs via nasal mucosal swelling and hypertrophy of 
the conchae.

A review of the literature reveals studies measuring nasal resistance with postural 
changes using anterior rhinomanometry and acoustic rhinometry.5 Postural changes 
affect the nasal airway resistance and intranasal geometry. In normal subjects without 
any nasal disease, there is an increase in nasal airway resistance and a reduction in the 
cross-sectional area while lying down.6,7 Currently, there are several techniques to objec-
tively measure nasal airway resistance. Rhinomanometry has been used as a functional 
test for understanding nasal physiology since the 1950s. Four-phase rhinomanometry 
(4PR) is an objective method to assess nasal airway resistance and conductance, both in 
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the inspiratory and expiratory phases.8 In the current study, we 
aimed to investigate the alterations in nasal airway patency 
with different head positions in AR patients.

METHODS

A total of 30 patients with a diagnosis of AR were included. 
The study was conducted according to the principles of 
the Declaration of Helsinki and approved by the Eskişehir 
Osmangazi University institutional review board (June 30, 
2016/80558721G-216). Written informed consent was obtained 
from all participants. All patients underwent detailed ear, nose, 
and throat examinations. The exclusion criteria were a history 
of treatment for turbinate hypertrophy, severe septal devia-
tion, nasal deformity, nasal malignancies, and nasal polyps. In 
addition, we excluded those patients who had a history of any 
medications, smoking, or other factors that could cause nasal 
mucosal swelling. We aimed to focus on the patients with nasal 
obstruction caused only due to hypertrophic inferior turbinates 
as a result of AR.

The measurements were obtained under temperature (22-
24°C) and humidity (40-70%)-controlled conditions. The sub-
jects were first asked to stand upright, then to lie down at an 
angle of 45° from the horizontal position, and finally, to lie down 
in a supine position, maintaining each position for 20 minutes. 
Four-phase rhinomanometric evaluation was performed on the 
patients in these 3 body positions. The effective resistance in 
inspiration and expiration (Reffin, Reffex) and vertex resistance 
during inspiration and expiration (VRin, VRex) were assessed 
using HRR2 4PR (Rhino Lab GmbH, Hamburg, Germany). We fol-
lowed the recommendation of the Standardization Committee 
on Objective Measurement of The Upper Airway for classi-
fication of nasal resistance and conductance, based on the 
resistance value, as follows: <0.75, very low resistance/high 
conductance; 0.75-1.00, low resistance/high conductance; 1.00-
1.25¼, moderate resistance/moderate conductance; 1.25-1.50, 
high resistance/low conductance; and >1.50, very high resis-
tance/very low conductance.

Statistical Analysis
The goodness of fit for the normal distribution of all variables 
was analyzed using the Shapiro–Wilk test. The differences in 
the mean values between the treatment groups were evaluated 
with the one-way repeated measures analysis of variance. The 
power of each test performed with type I error rate alpha = 0.050 
was calculated. The maximum power of the tests was calcu-
lated as 97.6% at a sample size of 30 patients. The results were 
expressed as mean ± standard deviation and the level of signif-
icance was set at a P-value <.05. The analysis of our data was 

carried out with Sigma Stat for Windows version 3.5 (SYSTAT 
Software Inc., California, United States).

RESULTS

Our series consisted of 13 male and 17 female patients with an 
average age of 37 years (range 21-67 years). All our patients 
had symptoms and signs consistent with nasal obstruction and 
stuffiness associated with congestion of the turbinate mucosa. 
With the alteration from the supine to the 45° inclined position 
(P  <  .05), the nasal resistance decreased remarkably and there 
was an obvious increase in nasal conductance. The 4PR results 
for both nasal cavities are presented in Tables 1 and 2. Analysis of 
the rhinomanometric results indicated a statistically significant 
difference in the 4PR scores between the standing and supine 
positions, as well as the supine and 45° inclined positions (P < .05). 
However, no statistically significant difference was detected in 
the 4PR scores between the standing and 45° inclined positions 
(P > .05; Tables 3 and 4). 

DISCUSSION

Reducing the nasal obstruction is the main goal of rhinolo-
gists in treating any kind of nasal pathology.9 Nasal physiology 
has a complex nature, and many internal and external forces 
affect the mucosal thickness and nasal airway patency. The 
objective parameters obtained from 4PR revealed that the 
standing and 45° inclined positions of the head significantly 
decrease nasal airway resistance in AR patients. Parallel 
to our findings, Roithmann  et  al.10 suggested that the pos-
tural alteration from the sitting to supine position leads to a 
decrease in nasal cross-sectional area and volume, both in 
controls and the patients with symptoms of rhinitis. This is due 
to the passive process that occurs due to increased venous 
pressure in the head in the supine position, which diminishes 
the venous drainage from the inferior and middle turbinates. 
Hellgren  et  al.11 demonstrated that nasal patency decreased 
after a change from the sitting to supine positions in healthy 
individuals. However, in obstructive sleep apnea patients, this 
phenomenon is absent, possibly due to the altered neural net-
work of the nasal mucosa in an affected patient, caused by 
the disease process.

In our patient group, postural changes––especially from the 
supine to the standing and 45° inclined positions––resulted 
in a significant decrease in nasal airway resistance, even with 
an altered mucosal architecture due to Ig-E-mediated rhinitis. 
These findings might be attributed to the different pathogene-
sis of each disease, and point out the complex nature of the nasal 
mucosal neurovascular network. Thus, the alterations of the 

MAIN POINTS

• Postural changes affect the nasal airway resistance and 
intranasal geometry.

• Head elevation influences nasal resistance and airflow 
conductance in patients with AR.

• Nasal obstruction is more evident in the supine position 
than in the standing and 45° inclined positions.

Table 1. Four-Phase Rhinomanometry Measurements for 
Right Nasal Cavity
Body 
Position Reffin Reffex VRin VRex
Standing 1.32 ± 0.45 1.24 ± 0.44 1.21 ± 0.42 1.18 ± 0.39
45° 
inclined

1.42 ± 0.42 1.30 ± 0.40 1.37 ± 0.37 1.26 ± 0.37

Supine 1.60 ± 0.43 1.49 ± 0.40 1.59 ± 0.37 1.47 ± 0.34
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airway patency depend not only on the position of the head rela-
tive to the gravitational forces, but also on the numerous media-
tors which are in charge during the inflammatory reactions on 
the nasal mucosa, specifically for patients with AR. According 
to our findings, we might conclude that after adjusting the opti-
mal medical therapy for the AR patients, a clinician can recom-
mend his patients to elevate the head instead of being supine, 
while sleeping or at rest. Although our results might enable such 
practical recommendations, we need further studies with larger 
populations and an additional questionnaire to investigate sub-
jective outcomes in the future.

CONCLUSION

The results of our current study reveal that head elevation influ-
ences nasal resistance and airflow conductance in patients with 
AR, and nasal obstruction is more evident in the supine position 
than in the standing and 45° inclined positions. These findings 
might enable us to offer some practical recommendations for 
our patients with AR. However, further trials are needed to con-
firm our findings.
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Table 2. Four-Phase Rhinomanometry Measurements for Left Nasal Cavity
Body Position Reffin Reffex VRin VRex
Standing 1.21 ± 0.40 1.26 ± 0.41 1.23 ± 0.34 1.15 ± 0.36
45° inclined 1.26 ± 0.37 1.12 ± 0.33 1.26 ± 0.21 1.15 ± 0.23
Supine 1.43 ± 0.47 1.33 ± 0.43 1.41 ± 0.40 1.34 ± 0.37
Values are mean ± standard deviation, in units of Pa/cm3·s.
Reffex, effective resistance in expiration; Reffin, effective resistance in inspiration; VRex, vertex resistance in the process of expiration; VRin, 
vertex resistance in the process of inspiration.

Table 3. Comparison of 4PR Scores Between Body Positions (Right)
Comparison (Right Nasal Cavity), Body 
position Reffin, P Reffex, P VRin, P VRex, P

Statistically Significant 
Difference

Standing/45° inclined .256 .504 .072 .339 No
45° inclined/supine .045 .033 .012 .016 Yes
Standing/supine .003 .504 .001 .001 Yes

Table 4. Comparison of 4PR Scores Between Body Positions (Left)
Comparison (Left Nasal Cavity), Body 
position Reffin, P Reffex, P VRin, P VRex, P

Statistically Significant 
Difference

Standing/45° inclined .549 .989 .689 .917 No
45° inclined/supine .024 .007 .038 .013 Yes
Standing/supine .005 .007 .015 .010 Yes
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