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Introduction 

Upper airway is a complicated structure consisting 
of nose, pharynx, larynx and extrathoracic trachea 
(1). The nasal cavity starts from the nostrils, 
continues to the choana and ends in the 
nasopharynx. The narrowest point of the nose is 
the nasal valve region, also known as the ostium 
internum or isthmus nasi, with a total surface area 
of 55-64 mm2 (2,3). The pharynx is located behind 
the nasal and oral cavity and divided into 3 parts 
as nasopharynx, oropharynx and hypopharynx. 
The oropharynx is surrounded by soft palate on 
the top, tongue base on the bottom, palatoglossal 
and palatopharyngeal plicas on the lateral sides 
and lies at the grade of the 2nd and 3rd cervical 
vertebrae at the back (4). It is the most significant 
region of the pharynx in upper airway 
obstructions. 

Objective evaluation of the nasal patency, which is 
one of the most important elements of the 
respiratory system, is important for both diagnosis 
and treatment. There are several diagnostic tests 

like rhinostereometry, radiographic techniques, 
rhinomanometry and acoustic rhinometry in which 
airflow is used as a parameter in the assessment of 
nasal respiratory function (5).  These tests should 
be easy to use, reliable and reproducible in order 
to help treatment planning (5). 

Previous methods for the assessment of nasal 
airway area and volume included lateral and 
posterior-anterior cephalometric radiographs (6-
8). Although these methods are useful in 
determining the presence of obstruction in the 
nasal and pharyngeal regions, they have failed to 
measure nasal resistance, airflow or nasal cross-
sectional area (9). 

Modern three-dimensional (3D) imaging 
procedures, like magnetic resonance imaging 
(MRI), computed tomography (CT) and cone-
beam computed tomography (CBCT) have 
enabled the volume and area quantification of 
intracranial structures (10,11).  Although CT has 
the ability to show bone, soft tissue and air at the 
same time (12),  high levels of radiation and high 
cost of scanning restricted its use in dentistry (13). 
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Due to similar signal intensities for bone and air, 
MRI is less suitable for the evaluation of nasal 
cavity and paranasal sinuses. CBCT allows three-
dimensional volumetric, surface and cross-
sectional examination of craniofacial structures 
(14). Although this method is often used to view 
mineralized tissues, it also lets clinicians to 
measure the cross-sectional area and total airway 
volume of the patients (15-17). 

Acoustic rhinometry (AR), is used to evaluate the 
patency of the nasal passage (18). This method 
was first used by Hilberg et al. (19)  in 1989 to 
measure the dimensions and geometry of the nasal 
cavity.  The working principle of AR is based on 
the analysis of sound reflected from the walls of 
the nasal cavity. With this technique, the 
topographic map of the nasal airway is obtained 
by using reflected sound waves in the 
measurement of nasal cavity area and volume and 
converting sound waves into area-distance graphs 
(18). Measurements with AR are simple, 
noninvasive, rapid, objective, reproducible and 
requires minimal patient cooperation (18).  Thus, 
AR is an alternative method to CBCT for the 
evaluation of 3D changes in the nasal cavity. Due 
to the absence of AR in dental clinics and the 
difficulty in its supply, CBCT may be substitution. 

To fully understand airway, it is important to 
comprehend how the changes in nasal cavity 
correlate with changes in oropharenx. Therefore, 
the purpose of this study was to correlate the 
narrowest area and volume of nasal cavity assessed 
by AR with the oropharynx area and volume 
assessed by CBCT. Also, the predictability of AR 
measurements via CBCT measurements was 
evaluated. The null hypothesis was that volume 
and area of nasal cavity had no correlation with 
volume of oropharenx.  

Materials and methods 

The power analysis were done using G * Power 
software 3.1.3 (Franz Faul University, Kiel, 
Germany). The sample size was calculated  based 
on based on 80% power and 5% significance level 
to determine a correlation coefficient of 0.41 in 
the narrowest cross-sectional areas (MCA1) of the 
patients. So, a sample of 45 patients were 
recruited in the study.  

Subjects: This retrospective study was performed 
on CBCT images and AR records of 45 mouth-
breathing individuals (27 male and 18 female) aged 
between 12-14 years at the Department of 
Orthodontics, Faculty of Dentistry, ### 
University. These selected patients were 

diagnosed with mouth breathing by the ENT 
specialist in ### University as a consultation 
result: The study was confirmed by the ethics 
committee of ### University (No: ###). 
Patients whose CBCT images and AR recordings 
were suitable in terms of both time and recording 
quality were included in the study. Other selection 
criteria were; no systemic disease or syndrome, no 
clinical evidence of a pathologic condition from 
the nasopharynx to the larynx, no previous 
orthognathic surgery and no history of 
tonsillectomy or adenoidectomy.  

Instrumentation and procedure: The AR 
records were acquired with a 2-microphone 
acoustic rhinometer (RhinoMetrics, Lynge, 
Denmark).  Each AR test was made by an 
experienced technician in a standard mode based 
on the criteria and principles recommended by the 
AR Standardization Committee (20).  Nasal cavity 
parameters, i.e. minimal Cross Section Area 
(MCA) 1, MCA2, and volume (Vol) were 
measured after the application of topical 
decongestants. The narrowest cross-sectional area 
between the entrance of the nasal cavity and the 
2.2 cm gap was defined as MCA1 and the 
narrowest cross-sectional area within the cavity 
from 2.2 cm to 5.4 cm was defined as MCA2. The 
volume also referred to the total volume of the 
nasal cavity (5). 

Before CBCT records were taken, informed 
consent was acquired from all patients as a routine 
protocol. All images were acquired in supine 
position with a NewTom 5G CBCT machine (QR 
srl, Verona, Italy) with 110 kVp, 1-20 mA with 
15x12 field of view (FOV) and standard resolution 
mode (0.2 mm voxel size). CBCT images were 
evaluated in sagittal plane by using Dolphin 3D 
software (Dolphin Imaging & Management 
Solutions, Chatsworth,CA, USA) (Figure 1). For 
determining the area, the sagittal image of the 
airway that allows the most obvious visualization 
of the posterior nasal spine and the second 
cervical vertebra was chosen. For each patient, the 
oropharyngeal airway area was defined by placing 
seed points in the boundaries on the selected 
figure. The software creates a segmented region 
based on seed points (yellow dots) placed. (Figure 
1). In all measurements, the superior border of the 
oropharyngeal airway was defined as a plane 
parallel to the Frankfort plane and passing 
through the most distal part of the posterior nasal 
spine and the lower border was detected as a plane 
parallel to the Frankfort plane and drawn along 
the anterior inferior point of the second cervical 
vertebrae   (21).   In   all    measurements,    airway  



 
Gökçe et al / Evaluation of Upper Airway Dimensions  

 

 

 

East J Med Volume:27, Number:2, April-June/2022 
 

237 

 
Fig. 1. Airway Area and Volume Measurement With Dolphin 3d Software  

 
Fig. 2. Scatter Plot of Correlation Between Airway 
Area And Nasal Volume 

sensitivity was adjusted at the same Hounsfield 
(HU) levels. After selecting the relevant area, the 
oropharyngeal volume was calculated 
automatically by software the in cubic millimeters 
(mm3), while the airway area was calculated in 
millimeters square (mm2). Also, the predictability 
of AR measurements via CBCT measurements was 
evaluated. 

15 CBCT images were redigitized by the same 
researcher (xx) 3 weeks after the initial 
measurements were performed. For the evaluation 
of method error, the Dahlberg formula (22) was 
employed. Intraexaminer reliability was measured 
using the intraclass correlation coefficient (ICC). 

Statistical Analysis: The data were analyzed by 
IBM SPSS Statistics Standard Concurrent User V 
25 (IBM Corp., Armonk, New York, USA). The 
normal distribution of the numerical variables was 

assessed by the Shapiro Wilk normality test and 
Q-Q graphs. The relationships between numerical 
variables were evaluated by Pearson correlation 
analysis. The volume estimation performance of 
airway area was evaluated by linear regression 
analysis. p<0.05 value was accepted to be 
statistically significant. 

Error of the Method: Standard errors were 
calculated for all measurements, all of which were 
found to be within acceptable limits. High degree 
of intraexaminer reliability was achieved for all 
variables (ICC= 0.958-0.989).  

Results 

The results of Pearson correlation coefficients 
were shown in Table 1. According to Pearson 
correlation analysis, there was no statistically 
significant relation among airway volume and 
nasal cavity parameters (MCA1, MCA2 and nasal 
volume). Also no statistically significant 
relationship was found between the airway area 
and MCA1 and MCA2. There was a weak negative 
correlation between airway area and nasal volume 
(r=-0.394; p=0.013) (Figure 2).  

The test statistics obtained from the regression 
model were given in Table 2. Linear regression 
analysis model for volume estimation using airway 
value was found to be statistically significant 
(F=6.811; p=0.013). According to the R2 value 
obtained as a result of the model, the airway area 
was defined as 15.5% of the airway volume.  
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Table 1. The Results of Pearson Correlation Coefficients 

 MCA1 (cm2) MCA 2 (cm2) VOL (cm3) 

Airway Volume (mm3) 

r 

p  

 

0,077 

0,640 

 

0,267 

0,100 

 

0,020 

0,903 

Airway Area (mm2) 

r 

p 

 

-0,157 

0,341 

 

-0,122 

0,461 

 

-0,394 

0,013 
R indicates pearson correlation coefficient; MCA1, Minimum cross-sectional area 1; MCA2 Minimum cross-
sectional area 1; VOL Volume 
 

Table 2. Linear Regression Analysis Results For Volume Value 

 β se of β t p 

Constant 4,705 0,558 8,432 <0,001 

Airway -0,004 0,001 2,610 0,013 

se: Standard error 

Based on these findings, the null hypothesis was 
rejected.  

Discussion 

Nasal obstruction is one of the most common 
complaints in patients applying to the ear-nose-
throat (ENT) clinics (23). Nasal obstruction may 
cause mouth breathing in people and increase 
pharyngeal resistance and collapsibility of the 
pharyngeal airway (24).  Oral breathing is effective 
in the growing and development of orofacial 
structures, and may lead to narrow maxilla, 
decreased lower jaw development, malocclusion 
and dry mouth (25). It can also effect pharyngeal 
airway contraction and resistance (24,26).  In case 
of any obstruction in the nasal or nasopharyngeal 
tracts, nasal breathing pattern may change to 
mouth breathing pattern to compensate for 
decreased nasal flow and let adequate breathing 
(27). Therefore, evaluation of nasal and 
nasopharyngeal airway dimensions and the 
presence of obstruction is important and 
necessary in orthodontic treatment.  

Nasal and pharyngeal airway dimensions and 
obstruction can easily be determined by the use of 
objective diagnostic methods such as lateral 
cephalometric radiographs, CBCT, magnetic 
resonance imaging, AR (28-31). 

AR is a newer objective method that can be used 
reliably to examine the patency of the nasal cavity 
with measuring nasal air flow and pressure 
simultaneously (31). Since it requires minimum co-
operation from the subject, it is a preferable 
method, especially in the pediatric population (31). 

One of the radiographic methods CBCT is used to 
objective evaluation of pharyngeal airway 
dimensions and has a very important place thanks 
to the possibility of three-dimensional imaging 
and providing detailed information in diagnosis 
and treatment (32).  Upper airway morphology and 
soft tissues can be evaluated in more detail and 
more accurate airway measurements can be made 
by CBCT (32). The main disadvantage of 
tomography that allows three-dimensional imaging 
of tissues is the high dose of radiation. Kawamata 
et al. (29) reported that images obtained by CBCT 
were satisfactory in evaluating morphological 
airway changes. Athanasios (33) argued that the 
dimensions of oropharynx and hypopharynx can 
be measured more clearly by CBCT.  

Accuracy of upper airway measurements plays a 
significant role in the diagnosis of patients with 
respiratory or sleep disorders (34).  It is important 
to understand how changes in the nasal cavity 
relate to changes in the oropharynx. Most dental 
clinics does not routinely have AR device. In this 
study, we evaluated to correlation between the 
narrowest area and volume of nasal cavity by AR 
and area and volume of oropharynx by CBCT. 
Since the study was a retrospective, no additional 
radiation dose was given to the patients and 
CBCT images and AR measurements obtained for 
different purposes were evaluated.  

The measurements with AR method of nasal 
volume and MCA in the anterior region of the 
nasal cavity has been confirmed by many in vivo 
studies (19,35,36).  Hilberg et al. (35)  used CT to 
approve the accuracy of AR measurements and 
found a considerable correlation among CT and 
AR results when images perpendicular to the 
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acoustic wave direction were obtained. Min et al. 
(37) evaluated the accuracy of the AR test and 
compared MCA values with CT images. 
Researchers have reported that AR gives more 
accurate and reliable results in the anterior part of 
the nasal cavity. Prasun et al. (38) reported that CT 
and AR volume measurements obtained in the 
posterior part of the nasal cavity showed 
statistically poor correlations. Cakmak et al. (39)  

reported that AR is as valuable and valid as CT. 
Gilain et al. (40)  compared the measurements of 
MCA obtained with AR and CT and concluded 
that AR was suitable for the evaluation of the 
anterior nasal cavity. Terheyden et al. (41)  

examined six healthy subjects with AR and CT to 
compare the data. In conclusion, they suggested 
for intra- and inter-individual comparison of 
measurements made with AR in the anterior nasal 
region. In the light of these data, the correlation 
between anterior parts of the nasal cavity 
dimensions from obtained AR recordings were 
evaluated in this study.  

El and Palomo (42)  evaluated changes of 
oropharyngeal airway and nasal passage volume 
that come about after RME by using CBCT. 
Researchers reported a significant increase in nasal 
passage airway volume, but did not observe a 
significant change in oropharyngeal airway 
volume. In the current study, a significant 
correlation was realized between the value of 
orofaringeal area and nasal volume. However, no 
statistically significant relationship was found 
between airway volume, MCA1, MCA2 and nasal 
volume. 

Kamal (43) reported that the AR technique is 
reliable and therefore it can be used to evaluate 
pharyngeal cross-sectional areas. They found the 
pharyngeal MCA measured with AR and CBCT to 
be similar with a difference of only 3 mm2 and 
defended the accuracy of CBCT. D'Urzo et al. (44) 

reported that the MCA measured with both AR 
and CT showed less than 4.3% difference between 
them and a high correlation of 0.92. Tsolakis et al. 
(45) investigated the differences between AR and 
CBCT in measurement a total of 59 subjects 
airway volumes and areas. The researchers 
reported that both techniques showed a difference 
of less than 4% for the same pharyngeal MCA, by 
a high correlation of 0.94 between them. They 
observed that CBCT is an proper technique for 
evaluating anterior nasal volume, nasal MCA, 
pharyngeal volume and area. 

The different results obtained from the literature 
may be due to some limitation of our study. The 

limitation of this study was based on a relatively 
small sample size. 

The presence of correlations between AR and 
CBCT indicates the significance of a team of 
orthodontists and otolaryngologists in the 
interdisciplinary evaluation and treatment of 
patients with mouth breathing.The highest 
correlation was found only between the airway 
area and the nasal volume when the AR results 
were compared with the data obtained from the 
CBCT imaging technique. Although both methods 
provide information about the upper airway, we 
think that it may be diagnostically appropriate to 
use both methods separately for a more detailed 
evaluation. More research may be needed to 
confirm this results. 
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