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Abstract

Objective: This retrospective study aimed to evaluate and compare the airway
shape and volume using cone-beam computed tomography (CBCT), which allows
three-dimensional examination of the airway in individuals with different skeletal
patterns.

Materials and Methods: For this retrospective study, a total of 235 CBCT images
were selected from the archives of Dicle University Faculty of Dentistry Department
of Oral Diagnosis and Radiology. Selected CBCTs were first divided into three
groups according to their ANB angles: Class | (0<ANB<4), Class Il (ANB>4) and
Class Il (ANB<0). Each group was further divided into three subgroups: low angle
[SNGoGn<28, sum of posterior angles (SPA)<393], normal angle (28<SNGoGn<36,
393<SPA<399) and high angle (SNGoGn>36, SPA>399) according to SNGoGn
and SPA. The total airway volume, oropharyngeal airway volume, nasopharyngeal
airway volume, axial area at C2 and C3 vertebra levels, minimum axial area, axial
area at the border of the oropharynx and nasopharynx and the transverse and
anteroposterior lengths of each area were measured. Kruskal-Wallis variance
analysis was used in between-group comparisons. Correlations between variables
were tested with the Pearson correlation coefficient.

Results: Statistically significant differences in the oropharyngeal airway and total
airway were found between Class | and Class Il and between Class Il and Class llI
(p<0.01). A statistically significant difference in the total airway volume was noted
between the low angle and high angle subgroups of Class I, Class Il and Class IlI
(p<0.05).

Conclusion: The oropharyngeal, nasopharyngeal and total airway volumes of
patients with Class Il were smaller than those with Class | and Class Ill. Individuals
with high angle vertical skeletal pattern were found to have smaller total airway
volume than those with a low angle vertical skeletal pattern.

0z

Amagc: Bu retrospektif calismanin amaci, farkli iskelet yapisina sahip bireylerde
havayolunun 3-boyutlu incelenmesine olanak veren konik 1sinli bilgisayarli
tomografi (KIBT) yardimiyla havayolu seklini ve hacmini degerlendirmek ve
karsilastirmaktir.
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Gerec ve Yontemler: Bu retrospektif calismada Dicle Universitesi Dis Hekimligi Fakiiltesi Agiz Dis ve Cene Radyolojisi Anabilim Dali
arsivinden toplam 235 KIBT goriintiisii secildi. Secilen KIBT'ler ilk olarak ANB acilarina gére Sinif | (0<ANB<4), Sinif Il (ANB>4) ve
Sinif Il (ANB<0) olmak tizere (i¢c gruba ayrildi. Her grup SNGoGn agisi ve posterior acilar toplamina (PAT) gére Ug alt gruba ayrildi:
Kisa (SNGoGn<28, PAT<393), normal (28<SNGoGn<36, 393<PAT<399) ve uzun (SNGoGn>36, PAT>399). Toplam havayolu hacmi,
orofaringeal hava yolu hacmi, orofaringeal havayolu hacmi, nazofaringeal havayolu hacmi, C2 ve C3 vertebra seviyelerinde aksiyal
alan, minimum aksiyal alan, orofarinks ve nazofarinks sinirinda aksiyal alan ve her alanin transversal ve anteroposterior uzunlugu
olciildu. Gruplar arasi karsilastirmalarda Kruskal-Wallis varyans analizi kullanildi. Degiskenler arasindaki korelasyonlar Pearson
korelasyon katsayisi ile test edildi.

Bulgular: Orofaringeal havayolu ve toplam havayolunda Sinif | ve Sinif Il gruplari ile Sinif I ve Sinif Il gruplari arasinda p<0,01
diizeyinde istatistiksel olarak anlamli farkliliklar bulundu. Sinif I, Sinif 1l ve Sinif 1ll gruplarinin kisa ve uzun alt gruplar arasinda
toplam havayolu hacminde p<0,05 diizeyinde istatistiksel olarak anlamli farklilik vardi.

Sonug: Sinif Il hastalarin orofaringeal, nazofaringeal ve toplam havayolu hacimleri, Sinif I ve Sinif Il hastalardan daha ki¢lkti. Uzun
yliz yapisina sahip bireylerin, kisa yliz yapisina sahip olanlara gore daha kiiciik toplam havayolu hacmine sahip olduklari bulundu.

Introduction

Obstructive sleep apnea (OSA) is a form of sleep-
disordered breathing that has a high prevalence rate
and is often underdiagnosed. Although it has been
known for years, its importance for individuals and
society has recently come to the fore. Upper airway
narrowing is also considered a risk factor for OSA
(1). Due to close relationship between pharyngeal
structures and both craniofacial structures, a
mutual interaction between pharyngeal structures
and dentofacial pattern is expected. Therefore,
the relationship between airway volume and facial
morphology has long been a subject of debate,
and there is a general view that oropharyngeal
and nasopharyngeal structures play a role in the
development of the dentofacial complex (2-7).

Most of the previous researchers (2-6,8-11)
analyzed the relationship between facial morphology
and pharyngeal airway shape on 2-dimensional (2D)
cephalometric radiographs. However, the problem
with 2D radiographs is that they do not allow
assessment of pharyngeal volumes. The human
airway is 3-dimensional (3D) and therefore lateral
films represent 3D structure in 2D. Therefore, previous
studies were limited due to analyzing a 3D structure
in 2D (12). Lateral cephalometric radiographs also
have severe limitations in distortion, magnification,
superimposition, and low reproducibility (13).

The diagnostic capacity of the airway has
expanded with the development of computed
tomography (CT) 3D technology; however, there
is an important limitation in the routine use of CT
devices due to the high radiation dose they generate.
The radiation dose has been reduced thanks to the
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development of cone-beam computed tomography
(CBCT). CBCT has become an accepted craniofacial
imaging technique, especially known for its low
radiation dose and faster image acquisition times
compared to conventional CT (14).

The aim of this retrospective study is to evaluate
and compare airway shape and volume with the help
of CBCT, which allows the 3D examination of the
airway in individuals with different skeletal pattern.
Most or the previous studies were based on the
sagittal craniofacial pattern and upper pharyngeal
airway. This study focused on both sagittal and vertical
skeletal pattern with extended sample size.

Materials and Methods

This retrospective study protocol was approved
by the Local Ethics Committee in Dicle University
Faculty of Dentistry (decision no: 5, date: 01.12.2014).
Patients were not given additional radiation for the
purpose of this study. CBCT scans were performed
for better diagnosis of dental problems, and all
patients or parents signed an informed consent form
allowing the use of these records. One thousand and
three hundred CBCT scans in the archives of Dicle
University Faculty of Dentistry Department of Oral
Diagnosis and Radiology were evaluated and CBCT
scans of 235 individuals (114 girls, 121 boys) who met
the inclusion criteria were selected. Our exclusion
criteria for research were: detectable pathology along
the upper airway, missing teeth except third molars,
previous orthodontic treatment or orthognathic
surgery, craniofacial syndrome and cleft lip and
palate, adenoidectomy or tonsillectomy, CBCT scan
age less than 16, nasal obstruction and scans showing
incomplete view of the upper airway.
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Selected CBCTs were first divided into three groups
according to their ANB angles, Class | (0<ANB<4),
Class Il (ANB>4) and Class Ill (ANB<0). Each group is
divided into three subgroups, low angle (SNGoGn<28,
sum of posterior angles (SPA)<393), normal angle
(28<SNGoGn<36, 393<SPA<399) and high angle
(SNGoGn>36, SPA>399) according to SNGoGn and
SPA. The male-female composition of the individuals
included in this study by groups and subgroups are
shown in Table 1.

All selected CBCT images were acquired with an
i-CAT (Imaging Sciences International, Hatfield, Pa)
device with 5.0 mA, 120kV, 0.3 mm voxel thickness, a
single 360° rotation and 9.6 seconds setting. All data
were collected and measured by the same researcher
(Y.A.U). All skeletal and airway measurements were
done with Dolphin 3D (version 11, Dolphin imaging
& Management Solutions, Chatsworth, Calif), a third-
party software program.

Total airway volume (TAV), oropharyngeal airway
volume (OAV), nasopharyngeal airway volume (NAV),
axial area at C2 and C3 vertebra levels, minimum
(min) axial area, axial area at the border of the
oropharynx and nasopharynx, and the transverse
and anteroposterior (AP) length of each area were
measured for 3D airway analysis on the CBCT data.
The posterior border of the TAV is the posterior
pharyngeal wall, the anterior border is the anterior
pharyngeal wall, the lower border is the line passing
through the lowest and the furthest level of vertebra
C3 and parallel to the Frankfurt horizontal plane.
When viewed from the sagittal aspect, the upper
border is determined as the line that will contain
the radiolucent region remaining posteriorly in the
section where the dorsal region of the vomer meets
the palate (Figure 1). The upper boundary of the OAV
is defined as the line that passes through the lowest
and foremost end of the Atlas and runs parallel to the
Frankfurt Horizontal plane. The lower border is the
line passing through the lowest and foremost level of
vertebrae C3 and parallel to the Frankfurt Horizontal
plane, the posterior border is the posterior pharyngeal
wall and the anterior border is the anterior pharyngeal
wall (Figure 2). NAV was calculated as the volume
obtained by subtracting the OAV from the TAV.

Statistical Analysis

SPSS 15.0 (SPSS Inc., Chicago, IL, USA) statistical
package program was used to analyze the data

obtained in our study. Statistical significance was
set at 0.05. Chi-square test was used to check the
distribution of gender in balance between groups.
Kolmogorov-Smirnov test was used to determine
whether the data were normally distributed. One-Way
ANOVA analysis was used to comparisons between
groups with normally distributed parameters. Kruskal-
Wallis variance analysis was used as a statistical
method for comparing the groups for parameters
that did not show normal distribution. The Mann-
Whitney U test with Bonferroni correction was used
for parameters that showed statistically significant
differences according to the analysis results.

Correlations between variables were tested with the
Pearson correlation coefficient.

Images were re-measured 3 weeks after the first
measurements for reliability purposes. Dahlberg’s

Figure 1. Total airway volume borders

Figure 2. Oropharyngeal airway volume borders
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formula (v3d?/2n) for linear, areal and angular
measurements and the intra-class correlation
coefficient (ICC) for volumetric measurements were
used to test reliability (15).

Results

In the evaluation of operator calibration, it was
confirmed that the ICC results were between 0.928-
0.941, and the results of Dalhberg’s formula were
between 0.354 and 0.802 for all variables evaluated.

The gender distributions of the groups are given
in Table 1. The chi-square test was used to check the
balanced distribution of gender among the groups.
In the groups of this study, we could not find any
differences between the groups due to the similar
male-female composition and the data were combined
because there was no significant difference. As we
used ANB, SnGoGn and SPA to form the groups, it was
expected to have statistically significant differences
on skeletal variables between the groups (p<0.001).

Descriptive statistics showing means, standard
deviations, min and maximum values for different
groups and the results of their comparison are shown
in Table 2 (p<0.05). There were statistically significant
differences between Class | and Class Il groups, Class
Il and Class lll groups in terms of OAV, NAV, TAV, cross-
sectional area at the C3 level, and min axial area. C3
T and C3 AP lengths differ significantly between Class
Il and Class Il groups (p<0.05); min axial AP length
between Class | and Class Il groups (p<0.05); however,
no difference was found in other length parameters.

Statistically significant differences were found
between the low angle and high angle subgroups
of Class | group in terms of OAV and TAV (p<0.05).
Statistically significant differences at p<0.05 level
were found between the low angle and high angle
subgroups of the Class | group and the normal angle
and high angle subgroups in the cross-sectional area at
C2 level. There were statistically significant differences
at p<0.01 level in terms of C2 AP length between
the low angle and high angle, normal angle and high
angle subgroups of the Class | group (Table 3). There
was a statistically significant difference at the level of
p<0.05 in TAV between the low angle and high angle
subgroups of Class Il and Class Il groups (Tables 4, 5).

Bivariate correlations are given in Table 6.
Negative correlations were found between volumetric
measurements and ANB, SNGoGn and SPA. In addition,
negative correlations were found between C2, min
and O-N border AP length measurements, SNGoGn
and SPA. A high correlation was found between
the min axial cross-sectional area and volumetric
measurements. A positive correlation was found
between OAV and NAV.

Discussion

There are few studies examining the pharyngeal
airway with 3D techniques in Class I, Class Il and
Class Il skeletal malocclusions with different vertical
skeletal pattern. Whereas, understanding the anatomy
of individuals with different craniofacial growth
patterns and the nature of this region may create new
opportunities for the development of treatment plans
and treatment methods.

Table 1. Male-female composition of Class I, Class Il and Class Il groups and their subgroups

Female Male Sum Subgroup Female
High angle 14 14 28
Clzza ] e <Y 2 Normal angle 14 14 28
Low angle 14 12 26
High angle 12 14 26
iz | w A e Normal angle 14 15 29
Low angle 14 14 28 ~0-10
High angle 11 13 24
Class il = = 7 Normal angle 10 12 22
Low angle 11 13 24
Sum 114 121 235 114 121 235
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Table 3. Descriptive statistics of Class | subgroups showing means and standard deviations of volumetric, cross-
sectional, and length variables, and comparison of these measurements according to vertical skeletal pattern

Low angle Normal angle High angle L-N | L-H N-H
Volumetric (mm?3) n Mean + SD n Mean + SD n Mean + SD p p p
OAV 28 12386.62+4640.58 |29 | 11766.08+5855.47 |26 | 9736.83+3570.29 NS * NS
NAV 28 11646.36%3426.18 |29 | 11640.37+x3958.44 (26 | 10290.59+3752.73 NS NS NS
TAV 28 24032.98+7308.16 |29 |23406.45+8111.74 |26 |20027.39+6311.91 NS * NS
Cross sectional (mm?)
Cc2 28 279.29+134.83 29 |261.67+109.52 26 | 202.32+102.59 NS * *
Cc3 28 286.89+143.75 29 |272.34+93.74 26 | 246.69+109.29 NS NS NS
MinAx 28 204.21+100.21 29 | 198.10+98.29 26 | 205.46+82.41 NS NS NS
OP-NP border 28 301.91+118.99 29 | 294.52+96.19 26 |313.35+113.94 NS NS NS
Length (mm)
2T 28 25.55+6.49 29 | 25.8946.72 26 | 24.13+6.64 NS NS NS
C2 AP 28 12.19+3.88 29 | 11.45+3.66 26 |9.18+2.51 NS * x * K
C3T 28 30.32+5.53 29 |29.15+4.11 26 | 28.67+5.93 NS NS NS
C3 AP 28 11.94+5.19 29 |12.42+3.85 26 | 10.83+4.01 NS NS NS
MinAx T 28 22.77+4.33 29 | 24.08%5.75 26 |22.81+7.59 NS NS NS
MinAx AP 28 8.78+3.29 29 | 8.76%3.18 26 | 10.75%2.53 NS NS NS
OP-NP border T 28 30.45+6.67 29 | 28.85%6.27 26 | 28.3%6.98 NS NS NS
OP-NP border AP 28 13.12+4.04 29 | 11.96%2.40 26 | 11.16%3.69 N.S. | N.S. [ N.S.
NAV: Nasopharyngeal airway volume, OAV: Oropharyngeal airway volume, TAV: Total airway volume, OP: Oropharynx, NP: Nasopharynx, MinAx:
Minimum area of the oropharynx on the axial slice, T: Transversal, AP: Anteroposterior, L: Low angle group, N: Normal angle group, H: High angle group,
SD: Standard deviation, NS: Not significant, *p<0.05, **p<0.01, ***p<0.001

Although there are 2D studies in the literature in
which airway analyzes of individuals are performed,
the number of 3D studies has not yet reached a
sufficient level yet (3-6,10). The advantage of this
method is that the lateral cephalometric radiography
is more common and cheaper than CBCT, and the
radiation level is lower. Since the human airway
is a 3D dynamic structure, it is not sufficient to
examine it statically in 2D. However, there are some
disadvantages, such as magnification of the 2D
image, distortion, and superimposing of anatomical
structures (16). Aboudara et al. (12) reported that
CBCT was a simple and effective data for accurate
airway analysis in their study comparing the airway
measurements obtained with lateral cephalometric
radiography and CBCT. In addition, 2D measurements
of nasopharyngeal airway area; they found that due

Meandros Med Dent J 2021;22:7-17

to the compression of the 3D structure into the 2D
structure, most of the structural information was
insufficient. Airway measurements of this study are
consistent with the study of Haskell et al. (17).

As is known, the airway is a mobile structure and
can exhibit mobility during inhalation. Lowe et al. (13)
reported that airway size is related to the respiratory
phase. People are routinely instructed to hold their
breath during the CBCT scan with the i-CAT device.
It is suitable for not breathing due to its short 9.6
seconds scanning time. Thus, the respiratory phase
was controlled, a standardization of the images was
obtained and at the same time, the airway was kept
stable during the scan.

El and Palomo (18) performed 3D measurements
of the pharyngeal airway using different software
programs and compared the accuracy and reliability
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Table 4. Descriptive statistics of Class Il subgroups showing means and standard deviations of volumetric, cross-
sectional, and length variables, and comparison of these measurements according to vertical skeletal pattern

Low angle Normal angle High angle L-N (L-H [N-H
Volumetric (mm?3) n Mean + SD n Mean + SD n Mean + SD P p p
OAV 24 9838.04+4488.03 22 9475.61+4875.09 24 8407.19+4185.27 NS NS NS
NAV 24 10433.59+3254.85 | 22 9047.91+4962.34 24 8789.45+£3939.99 NS NS NS
TAV 24 20271.63+6678.80 | 22 18523.52+8010.50 24 17196.64+6979.50 | NS * NS
Cross sectional (mm?)
Cc2 24 227.64+122.49 22 239.00+108.11 24 192.28+101.20 NS NS NS
Cc3 24 230.05%£124.32 22 233.24+89.32 24 205.65+110.07 NS NS NS
MinAx 24 161.98+82.81 22 170.63+91.12 24 140.43+£72.81 NS NS NS
OP-NP border 24 269.79+87.52 22 281.87+135.34 24 282.58+133.88 NS NS NS
Length (mm)
c2T 24 23.56%5.27 22 26.44+8.76 24 23.23+6.65 NS NS NS
C2 AP 24 | 10.3543.55 22 |10.91%2.49 24 9.3742.97 NS | NS |Ns
C3T 24 28.67+5.59 22 29.03+5.51 24 27.47+6.12 NS NS NS
C3 AP 24 | 10.89+4.13 22 | 10.64+3.20 24 9.46+4.05 NS [NS [NS
MinAx T 24 | 23.8246.51 22 | 23.1346.89 24 23.1945.75 NS [NS [NS
MinAx AP 24 | 8.30+3.33 22 [8.30+2.83 24 7.55+2.84 NS [NS [NS
OP-NP border T 24 26.91%7.09 22 27.83+8.95 24 26.8+6.56 N.S. | N.S. | N.S.
OP-NP border AP 24 | 10.89+2.22 22 11.50+3.34 24 11.39+4.35 N.S. [ N.S. [ N.S.
NAV: Nasopharyngeal airway volume, OAV: Oropharyngeal airway volume, TAV: Total airway volume, OP: Oropharynx, NP: Nasopharynx, MinAx:
Minumum area of the oropharynx on the axial slice, T: Transversal, AP: Anteroposterior, L: Low angle group, N: Normal angle group, H: High angle group,
SD: Standard deviation, NS: Not significant, *p<0.05, **p<0.01, ***p<0.001

of these programs. One of the software programs
they use is the Dolphin 3D program, and they have
reported that it is reliable. In our study, we performed
3D airway analysis using Dolphin 3D software.

In the literature, malocclusion type has no effect
on pharyngeal airway width (5,6). When the skeletal
classification is examined, it is seen that Class | and
Class 1l individuals have a larger airway volume
than Class Il individuals. Kim et al. (19) stated that
retrognathic individuals tend to have a smaller
airway volume in normal anteroposterior relationship
compared to those with retrognathic jaws. In our
study, we found that the smaller airway volume in
Class Il skeletal individuals emerged as a result of
the retrognathic skeletal structure. Grauer et al. (20)
also found similar findings. In the Class Il group, the

shorter and backward mandible can push the tongue
and soft palate into the pharyngeal cavity, resulting
in a decrease in the volume of the oropharynx.
Kikuchi (21) reported in a 3D airway study that the
airway is affected by the skeletal structure of the
oropharyngeal region. He stated that the pharyngeal
morphology other than the airway size was affected
by the anteroposterior relationship of the mandible.
El and Palomo (7), in a study examining the airway
in 3D, found that the NAV of Class | individuals was
larger than Class Il individuals. Kerr (9) stated that
individuals with Class Il malocclusion have smaller
nasopharyngeal and adenoid tissue areas. Researchers
have shown that there is a relationship between
the upper airway and the type of malocclusion and
that the nasopharynx is narrower in individuals

Meandros Med Dent J 2021;22:7-17
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Table 5. Descriptive statistics of Class Il subgroups showing means and standard deviations of volumetric, cross-
sectional, and length variables, and comparison of these measurements according to vertical skeletal pattern

Low angle Normal angle High angle L-N [(L-H [ N-H
Volumetric (mm?3) n Mean £ SD n Mean £ SD n Mean £ SD p p p
OAV 28 12088.98+4549.18 | 28 11711.9745564.04 | 26 10482.96+4467.88 | NS NS | NS
NAV 28 11808.89+3548.90 | 28 10663.86+3508.07 | 26 9607.84+3193.09 NS NS | NS
TAV 28 23897.87+7534.68 | 28 22375.83+6241.54 |26 20090.8+£6832.01 NS * NS
Cross sectional (mm?)
c2 28 250.14+110.87 28 239.74+106.80 26 231.17+104.21 NS NS | NS
c3 28 282.60+£134.80 28 280.82+137.96 26 244.54+120.67 NS NS | NS
MinAx 28 178.66+76.45 28 179.68+84.94 26 168.1+70.80 NS NS | NS
OP-NP border 28 314.68+144.16 28 295.56+91.29 26 271.73%¥119.33 NS NS | NS
Length (mm)
c2T 28 26.67+7.42 28 27.05%6.42 26 26.68+7.69 NS NS | NS
C2 AP 28 11.60+3.74 28 11.43+3.59 26 10.66+3.90 NS NS | NS
C3T 28 31.29+7.08 28 30.98+6.43 26 29.74+4.87 NS NS | NS
C3 AP 28 12.11+4.23 28 13.45%4.43 26 10.53+4.41 NS NS | Ns
MinAx T 28 23.8416.17 28 23.84+5.17 26 23+7.03 NS NS | NS
MinAx AP 28 8.29+3.21 28 8.6713.01 26 8.03+£2.95 NS NS | NS
OP-NP border T 28 29.85+£7.30 28 28.63+4.91 26 27.89+6.89 NS NS | NS
OP-NP border AP 28 13.54+5.38 28 12.24+2.66 26 11.12+3.21 NS NS | NS
NAV: Nasopharyngeal airway volume, OAV: Oropharyngeal airway volume, TAV: Total airway volume, OP: Oropharynx, NP: Nasopharynx, MinAx:
Minumum area of the oropharynx on the axial slice, T: Transversal, AP: Anteroposterior, L: Low angle group, N: Normal angle group, H: High angle group,
SD: Standard deviation, NS: Not significant, *p<0.05, **p<0.01, ***p<0.001

with Class Il malocclusion (22,23). Hwang et al. (24)
reported that the narrowed nasopharyngeal airway is
associated with the retrusive mandible and maxilla.
Paul and Nanda (23) found a high prevalence of mouth
breathing and nasopharyngeal airway obstruction in
individuals with Class Il malocclusion. These studies
are compatible with our study.

In some studies (5,6,8), no significant difference
was found when comparing the upper airways of
various individuals. We concluded that these results
are due to the small number of cases, the classification
being performed as dental instead of skeletal, or 2D
studies.

In this study, statistically significant differences
were found between the Class | and Class Il groups
and between the Class Il and Class Il groups in
C3 and min axial cross-sectional areas. There was
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no difference in other area parameters. In linear
measurements, no statistically significant difference
was observed in most parameters. The statistically
significant differences observed in the volumetric
parameters were not similar in all area and linear
parameters. We concluded that not every subdivision
of the airway represents the entire airway capacity
of the individual. The findings of Kim et al. (19) are
consistent with this result.

In this study, it was observed that individuals with
the high angle vertical skeletal type had a smaller
TAV than the low angle type. There was no significant
difference in NAV in all three groups and subgroups.
Kerr (9), Handelman and Osborne (25) found a weak
relationship between facial morphology and the
nasopharyngeal airway. These studies are consistent
with our findings. de Freitas et al. (6) found that
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Table 6. Pearson correlation coefficients for oropharyngeal airway volume, nasopharyngeal airway volume, total
airway volume, and MinAx area compared with the variables used for this study
| OAV | NAV | TAV | Minimum axial area
ANB R -0.176** -0.207** -0.173** -0.178**
SN-GoGn R -0.175** -0.196** -0.211** -0.140*
SIA R -0.180** -0.192** -0.213** -0.144*
Age R 0.047 0.027 0.036 0.007
OAV R 1 0.513** 0.899** 0.860**
NAV R 0.513** 1 0.838** 0.523**
TAV R 0.899** 0.838** 1 0.815**
C2 Area R 0.895** 0.476** 0.813** 0.843**
C3 Area R 0.231** 0.316** 0.626** 0.690**
MinAx R 0.860** 0.523** 0.815** 1
O-N Area R 0.681** 0.528** 0.703** 0.640**
2T R 0.713 ** 0.408** 0.662** 0.632**
C2 AP R 0.701** 0.311** 0.605** 0.697**
C3T R 0.561** 0.244** 0.482** 0.496**
C3 AP R 0.606** 0.263** 0.520** 0.600**
MinAx T R 0.712** 0.422** 0.699** 0.693**
MinAx AP R 0.631** 0.361** 0.586** 0.712**
O-NT R 0.630** 0.541** 0.678** 0.614**
O-N AP R 0.436** 0.284** 0.423** 0.377**
NAV: Nasopharyngeal airway volume, OAV: Oropharyngeal airway volume, TAV: Total airway volume, minAx: Minimum area of the oropharynx on
the axial slice, SIA: Sum of the inner angles, T: Transversal, AP: Anteroposterior *Correlation is significant at the 0.05 level (2-tailed) **Correlation is
significant at the 0.01 level (2-tailed)

individuals with vertical skeletal pattern of Class | and
Class Il malocclusion had a narrower upper airway
than vertically normal Class | and Class Il malocclusion
individuals. Other 2D studies (26-28) are not in line
with our results. These studies were performed to
evaluate pharyngeal airway widths on 2D lateral
cephalometric films. Airway volume requires complex
and dynamic 3D evaluation. There may be different
findings due to this situation.

A negative correlation was found between
volumetric measurements and ANB angle in the
current study. This supports the results of the
comparison of different anteroposterior skeletal
types between the groups. This negative correlation
between ANB angle and volumetric measurements
can be explained by the fact that Class | and Class Ill
groups have larger airway volume than Class Il group.
El and Palomo (7) observed that the oropharyngeal
volume is inversely correlated with the ANB angle.

Ceylan and Oktay’s (5) study is also compatible with
our study. Kim et al. (19) showed a negative correlation
between the ANB angle and the TAV in their study.

A negative correlation was found between the
volumetric measurements and SNGoGn and SPA
angles. In addition, a negative correlation was
found between C2, minimum and O-N boundary
anteroposterior length measurements and SNGoGn
and SPA angles. Joseph et al. (2) reported that the
hyperdivergetic patients showed narrow pharyngeal
dimensions, especially in the nasopharynx at the level
of the hard palate, in the anteroposterior direction,
and at the level of the soft palate and mandible in the
anteroposterior direction. Our results are consistent
with studies reporting an inverse relationship
between pharyngeal volume and vertical skeletal
type (6,29,30). El and Palomo (7) could not find a
significant correlation between mandibular plane
angle and OAV and NAV. The reason for this different
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result may be that El and Palomo (7) excluded severe
hypodivergent and hyperdivergent individuals from
their work. Contrary to our findings, Kim et al. (19)
found a positive correlation between vertical skeletal
pattern and values analyzing airway volume. The
reason for this discrepancy may be due to the values
used to evaluate the vertical skeletal type being less
comparable to the different values used.

Ahigh correlation was found between the min axial
cross-sectional area and volumetric measurements.
Tso et al. (31) also mentioned the high correlation
between the narrowest cross-sectional area of
the airway and TAV. El and Palomo (7) found a high
correlation between OAV and min axial cross-sectional
area. Considering the results of our study, we think
that the determining the areas with upper airway
constriction and understanding the size and volume
of the pharyngeal airway are clinically important in
treatment planning.

A positive correlation was found between OAV
and NAV. Kim et al. (19) found a positive correlation
between the nasal airway and the upper pharyngeal
airway. El and Palomo (7) also found a positive
correlation between NAV and OAV. We think that
the positive correlation between the OAV and NAV is
due to the use of healthy individuals without airway
pathology. Individuals with nasal allergy, craniofacial
anomalies, hypertrophic adenoids, and narrowed
nasopharyngeal airway space will have pharyngeal
contraction inevitable and a negative correlation
will be observed (32). Structurally, OAV and NAV
are not only anatomically contiguous structures,
but also directly related in volume. Therefore, the
positive and negative factors that may occur will
contribute positively and negatively to the correlation
relationship.

Conclusion

Class Il individuals have smaller OAV, NAV, TAV
and min axial area than Class | and Class Ill groups.
Individuals with high angle vertical skeletal pattern
were found to have smaller TAV than those with a low
angle vertical skeletal pattern.

Volumetric studies about pharyngeal airway add
a new perspective to orthodontic practice. Detailed
analysis of airway shape and volume can be an
important tool in orthodontic diagnosis and treatment
plan. Caution should be taken in this regard, especially
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in patients with mandibular retrusion, with a tendency
to have a smaller oropharyngeal area and volume,
and patients with hyperdivergent growth patterns.
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