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Aim: This study aimed to evaluate pharyngeal airway dimensions using cone-beam computed
tomography (CBCT) in patients with Class I, II, and III malocclusions and normal growth patterns.
Methods: All CBCT images were categorized into three groups: Class I (0° < ANB < 4°, =1 mm
< Wits < 0 mm), Class II (ANB > 4°, Wits > 0 mm), and Class III (ANB < 0°, Wits < —1 mm).
CBCT images were obtained from individuals with normal growth patterns (32 + 5° = GN/GO —
SN), where GN represents gonion, GN is gnathion, and SN equates to the sella-nasion distance.
Measurements were taken for total pharyngeal volume, velopharyngeal volume, glossopharyngeal
volume, and oropharyngeal volume, and the narrowest area of the airway was measured. ANOVA
and Tukey’s post hoc test were used to compare the airway dimensions among skeletal classes I,
11, and III.

Results: The CBCT images were captured from 90 patients (45 males and 45 females) aged 17 to 39.
The mean volume of the total pharyngeal airway, velopharyngeal, glossopharyngeal, and oropharyngeal
and the most constricted area were significantly greater in patients with skeletal Class ITI malocclusion
compared to patients with skeletal Class II malocclusion showing normal growth pattern. Total
pharyngeal airway, velopharyngeal, and oropharyngeal volumes were lower in Class Il patients
compared to Class I and III patients with normal growth patterns. There was a significant difference
in the pharyngeal space between males and females with Class II malocclusion. Pharyngeal space
in female Class II malocclusion was higher than that in males. There was no difference regarding
airway space between female and male patients with Class 1 malocclusion. Pharyngeal space between
females and males with Class III malocclusion showed no difference.

Conclusion: Class III pharyngeal volumes were generally larger in Class I and II malocclusions.
Sex differences in the volumes of various pharyngeal spaces were only present in the case of Class II
malocclusions.

Relevance for Patients: Class II pharyngeal volumes were generally smaller in Class I and III
malocclusions.

1. Introduction

Since the 19" century, there has been a significant focus on investigating the connection
between craniofacial morphology and respiratory function [1]. Numerous studies reviewed
in the literature have suggested that the transition from two-dimensional (2D) radiography to
three-dimensional (3D) cone-beam computed tomography (CBCT) represents a dependable
and consistent approach capable of substituting conventional radiography [2-5].
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Some studies supported the association between skeletal pattern
and the airway, while others did not show such a relationship.
A study by Jadhav ef al. [6] demonstrated that there was no
significant correlation between the total airway volume and three
sagittal skeletal groups. Alhammadi et al. [7] reported that the
volume of the palatopharyngeal and glossopharyngeal airways
and the narrowest point of the palatopharyngeal airway were
greater in Class II skeletal than in other skeletal groups. Alves
et al. [8] found that the type of malocclusion did not influence
the dimensions and volumes of the airway in most cases. On
the other hand, Tseng et al. [9] showed that individuals with
Class II skeletal malocclusion have smaller airway volumes
than individuals with Class I and III malocclusion. In a study
by Shokri ef al. [10], it was shown that the volume and area of
the airway were significantly greater in Class III patients than
in Class I or II. Zeng et al. [11] demonstrated that the volume
of the pharyngeal airway was significantly greater in Class I11
and Class [ patients compared to Class II patients. Due to
the significant discrepancies in the results among the studies
mentioned above and the lack of research regarding different
sagittal malocclusion with normal growth patterns in the Middle
Eastern population, the necessity of conducting this research
became evident. Therefore, this study aimed to measure the
relationship between the airway volume and skeletal Class I,
Class II, and Class III malocclusions with normal growth
patterns in individuals aged 17 — 39 years using CBCT.

2. Patients and Methods

In this study, we conducted a comprehensive analysis of
CBCT obtained from the Department of Oral and Maxillofacial
Radiology archives at Tehran Medical Sciences, Islamic Azad
University. The survey was conducted in accordance with the
guidelines of the Declaration of Helsinki. All human research
was conducted in accordance with the ethical standards of the
committee responsible for human experimentation (institutional
and national), and with the Helsinki Declaration of 1975, revised
in 2013. Ethical approval was obtained from the Islamic Azad
University Local Research Ethics Committees (protocol identifier
IR.IAU.DENTAL, REC; 1400.041).

In this cross-sectional analytical study, the 90 CBCT images
were divided into three groups, with 30 patients in each class,
namely Class I, II, and III malocclusions. These CBCT images
were obtained using a Sirona Galileos Sirona Dentsply device in
Germany; all images were prepared by the Scan-Fast protocol, with
a scan time of 14 s, a field of view of 15 ¢cm x 15 c¢cm, 98 kV, and
3 mA. All CBCTs were performed when the patients assumed the
standing position, and patients stood when looking at themselves
in the mirror. All images were taken from CBCT scans where the
teeth were in occlusion, and all cephalograms of CBCT scans are
completely real because they were extracted from CBCT images
captured using the Sirona Galileos device, Germany. The patients
were divided into three groups: Class I, Class II, and Class III,
based on the ANB angle and Wits appraisal. The SNA and SNB
angles were measured using the following points: S (the center of

the sella turcica), N (the intersection points of the nasion and the
frontal bone in the sagittal view), A (the innermost point on the
anterior contour of the maxilla below the maxillary plane), and B
(the innermost point on the anterior mandibular shape above the
pogonion). The Wits appraisal is the measured distance between A
and B along the mid-sagittal reference line. GoGn-SN angle was
measured between the line of the gonion (Go) and gnathion (Gn)
and the sella-nasion (SN) line. All patients were middle easterners
and had normal growth patterns.

All CBCT images were selected from patients with a mandibular
plane angle of 32 + 5 = GoGn-SN.
o C(ClassI: 0° <ANB <4°; -1 mm < Wits <0 mm
o C(Class II: ANB > 4°; 0 mm < Wits
e C(Class III: ANB < 0°; Wits <—1 mm

Exclusion criteria of this study are as follows:

The patients who had no history of orthognathic surgery,
nasal surgery, syndromes, trauma, or pathology in the airway and
pharynx.

CBCT images that lacked diagnostic value.

CBCT images were converted to DICOM format and transferred
to 3D Dolphin software (Management & Imaging Solutions,
Chatsworth, CA, USA). The overall volume of the pharyngeal
airway and the most constricted area (mm?) were assessed and
determined (Figures 1 and 2). The measurements were performed
by two researchers, and the intraclass correlation coefficient (ICC)
was calculated to determine the reliability of the two researchers.
In this study, the ICC was above 80%, indicating the reliability of
the two researchers.

The definitions used throughout this study are as follows:

2.1. Total pharyngeal airway volume (TP)

The upper bound of the pharyngeal airway passes through PNS
and is parallel to the standard horizontal plane; the lower bound
passes through C4 and is parallel to the standard horizontal plane.

Figure 1. Three-dimensional upper airway model.

Abbreviations: VP: Velopharyngeal airway volume;

GP: Glossopharyngeal airway volume; OP: Oropharyngeal volume;
TP: Total pharyngeal airway volume.
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2.2. Velopharyngeal airway volume (VP)

The upper bound of the velopharyngeal airway passes through
PNS and is parallel to the standard horizontal plane; the lower
bound passes through the tip at the end of the soft palate and is
parallel to the standard horizontal plane.

Airway Area = 734.3 mm?
Minimum Axial Area = 141.5 mm?

4
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-
I
1
;
|

Airway Volume = 18788.7 mm?®

Minimum Axial Area = 141.5 mm?

Figure 2. Three-dimensional upper airway model. Pink color refers to
3D pharyngeal volume.

2.3. Glossopharyngeal airway volume (GP)

The upper bound of the glossopharyngeal airway passes
through the tip at the end of the soft palate and is parallel to the
standard horizontal plane; the lower bound passes through the
upper tip at the end of the epiglottis and is parallel to the standard
horizontal plane.

2.4. Oropharyngeal airway volume (OP)

VP + GP, the velopharyngeal and glossopharyngeal airways are
together known as the oropharyngeal airway.

2.5. Most constricted area

The smallest cross-sectional views of the upper respiratory
tract of the image were measured.

The data were analyzed using SPSS software version 22.0
(IBM, Armonk, NY, USA). Analysis of variance (ANOVA) and
Tukey’s post-hoc correction were used to compare the dimensions
of the airway among the skeletal malocclusion groups (Class I, 11,
and III). P < 0.05 was considered statistically significant.

3. Results

This study analyzed CBCT images of 90 patients (45 males and
45 females) aged 17 — 39 years. The three groups did not have
any significant difference in terms of gender and age. All data
were normally distributed. According to ANOVA results, there
was a significant difference in the means of SNA, SNB, and ANB
angles and Wits appraisal among the three malocclusion classes.
However, the mean GoGn-SN angle did not show any significant
difference among the three classes (Table 1).

The total pharyngeal airway volume was 19.483 + 3.071,
16.091 + 2.788, and 23.235 + 5.684 mm?® in Class I, II, and III
malocclusions, respectively (P < 0.001). The volume of the
total pharyngeal airway, velopharyngeal, glossopharyngeal,
and oropharyngeal and the most constricted area in Class II
malocclusion were less than Class I and III malocclusions
(P < 0.001). The volume of velopharyngeal, glossopharyngeal,
and oropharyngeal regions and the most constricted area were

Table 1. Comparison of cephalometric measurements according to the
skeletal malocclusion

Variable Type of malocclusion P-value'
Class 1 Class 11 Class 111

SNA? 81.8+1.9 81.5+2.0 79.8+2.2 0.005*

SNB? 79.3£2.1 76.1+2.8 81.542.2 <0.001*

ANB? 2.6+1.0 5.9+1.7 —1.8+1.4 <0.001 *

Wits —3.0£0.3 4.0+2.3 —4.2+2.1 <0.001*

Sn-Go-Gn? 32.7+2.7 32.3+2.5 32.6+2.4 0.845

Data are expressed as mean+tstandard deviation.

TANOVA; *statistically significant.

2S, the center of the sella turcica; N, the intersection points of the nasion and the frontal
bone in the sagittal view; A, the innermost point on the anterior contour of the maxilla
below the maxillary plane; and B, the innermost point on the anterior mandibular shape
above the pogonion
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higher in Class III malocclusion compared to Class I and II
malocclusions (P < 0.001; Table 2).

A significant difference in volume was observed in all pharyngeal
space pairs between the two malocclusions, except glossopharyngeal
volume in Class I versus II and Class I versus I1I. Furthermore, there
were no significant differences in the most constricted area between
classes I and IT and between classes I and III (Table 3).

The independent #-test showed that there was no significant
difference in pharyngeal space between males and females in Class I
and III malocclusion. However, in Class II malocclusion, there was
a significant difference between females and males (Table 4).

4. Discussion

The respiratory tract has a crucial role in swallowing, breathing,
and articulation [12,13]. Airway space also affects the body

Table 2. Comparison of the total pharyngeal airway, velopharyngeal,
glossopharyngeal, oropharyngeal, and most constricted area per
skeletal malocclusion

Variable Type of malocclusion P-value'
Class 1 Class 11 Class 111
Total pharyngeal 19.483+3.071 16.091+2.788 23.235+5.684  0.001*

airway volume (mm?®)

Velopharyngeal 9.995+2.230  8.258+1.922 11.670+£3.514 <0.001*

volume (mm?)

Glossopharyngeal 3.050+1.225 2.298+1.207 3.735+1.771  0.001*

volume (mm?)

Oropharyngeal 13.11242324  10.556+2596 15.405+4.612 <0.001*

volume (mm?)

Most constricted 154+45 119+46 173+£92 <0.001*

area (mm?)

Data are expressed as mean+standard deviation.
TANOVA; *statistically significant

Table 3. Comparison of airway measurements in pairs between two
malocclusions

Variable Pair Result of P-value'
comparison comparison
Total pharyngeal airway I versus I1 > 0.005%*
volume (mm?) Tversus T TII>1 0.002*
I versus 1T III>1I <0.001*
Velopharyngeal volume (mm?) I versus IT I>11 0.034*
Iversus III  II>I 0.043*
I versus 1T III>1I <0.001*
Glossopharyngeal volume (mm?) I versus II >l 0.108
I versus I11 1I>1 0.156
I versus III [>T <0.001*
Oropharyngeal volume (mm?) I versus II > 0.011*
Tversus III  TII>1 0.025*
1T versus 1T TII>1I <0.001*
Most constricted area (mm?) 1 versus I1 =1 0.095
I versus III 1I1>1 0.460
I versus 1T TII>1T 0.004*

posture and head inclination [14,15]. The mean volume of the
pharyngeal, velopharynx, oropharynx, and glossopharynx and the
mean area of the narrowest region airway in patients with skeletal
Class III malocclusion were significantly larger than in patients
with skeletal Class I and II malocclusions. Class III patients have
a more protruding mandible and the tongue is positioned more
anteriorly. These anatomical features consequently widen the
distance between the posterior pharyngeal wall and the dorsum
of the tongue, creating a larger airway space in skeletal Class III
malocclusion than in classes I and II [9].

Several studies have evaluated the relationship between skeletal
pattern, craniofacial morphology, and pharyngeal airway volume

Table 4. Sex-based comparative analysis of the total pharyngeal
airway, velopharyngeal, glossopharyngeal, oropharyngeal, and most
constricted area according to the class of skeletal malocclusion.

Malocclusion class Gender Mean and P-value'
standard
deviation
1
Total pharyngeal airway Male 19.023+2.877 0.421
volume (mm?) Female  19.944+3.288
Velopharyngeal volume (mm?) Male 9.807+2.445 0.653
Female 10.182+2.061
Glossopharyngeal volume (mm?®) Male 3.029+1.415 0.928
Female 3.071+1.051
Oropharyngeal volume (mm?®) Male 13.024+2.563 0.839
Female 13.201+2.146
Most constricted area (mm?) Male 148+54 0.533
Female 159+34
1I
Total pharyngeal airway Male 14.873+£2.479 0.014*
volume (mm?) Female  17.309+2.603
Velopharyngeal volume (mm?) Male 7.379£1.790 0.01*
Female 9.137+1.671
Glossopharyngeal volume (mm?®) Male 1.584+554 0.001*
Female 30.12+1.273
Oropharyngeal volume (mm?®) Male 8.963+2.176 0.001*
Female 12.149+1.947
Most constricted area (mm?) Male 100438 0.021%*
Female 137+46
I
Total pharyngeal airway Male 23.46245.695 0.831
volume (mm?) Female  23.008+5.863
Velopharyngeal volume (mm?) Male 11.570+3.380 0.880
Female 11.770+3.760
Glossopharyngeal volume (mm?) Male 3.681£1.706 0.871
Female 3.789+1.892
Oropharyngeal volume (mm?) Male 15.251+4.673 0.859
Female 15.559+4.708
Most constricted area (mm?) Male 18690 0.462
Female 16194

"Tukey’s post-hoc correction; *statistically significant

Independent #-test; *statistically significant
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using CBCT, and reported conflicting results. Elagib ef al. [16]
found that skeletal patterns affect airway volume. However, the
authors reported that age and sex also significantly influence
airway variables. The findings in the current study differ from the
data by Elagib et al., who reported a significant difference between
Class I, I, and I1I malocclusions with respect to pharyngeal space.
In the current study, the age of patients was from 17 to 39 years,
while the patients’ age in the study by Elagib ef al. was from 12
to 19 years. Furthermore, the race of patients in both studies was
different, and both sex and age significantly affect pharyngeal
space.

Tseng et al. measured the differences in airway volume and
the smallest cross-sectional area of the pharynx among 90 patients
with three skeletal patterns using CBCT. The authors observed
that the mean overall volume of the respiratory pharyngeal airway,
velopharynx, glossopharynx, oropharynx, and hypopharynx and
the smallest cross-sectional area of the respiratory airway in
Class III patients and Class I patients were significantly larger
than in Class II patients. The study further revealed that the
airway volume of the patients in skeletal Class II was only two-
thirds of the airway volume of those in skeletal Class III, which is
comparable to our study.

Opdebeeck et al. [17] reported that patients with a vertical
growth pattern have a smaller airway space than those with a
horizontal growth patterns. The difference between the findings
of Opdebeeck et al. and current study is due to the growth pattern,
which was normal in our study. It appears that the growth pattern
affects the dimensions of the pharyngeal space.

Di Carlo et al. [18] evaluated the airway space of 90 young
adult patients with Class I, II, and III malocclusions. They found
no statistical difference between airway dimension and sagittal
malocclusion. In contrast to our study, the CBCTs were acquired
in supine position, where the patients were lying in a bed with
their head fitted in a molded pillow. Moreover, Di Carlo et al.
selected the CBCT images according to the following criteria:
Class 1 (0.5° < ANB < 4.5°), Class II (ANB > 4.5°), and Class III
(ANB < 0.5°). Future studies should attempt to evaluate the area
of nasal vestibules, which is a restricting factor in nasal airflow.
It is also recommended that the position of the hyoid bone be
assessed about its muscular attachment.

One of the limitations of this study was that CBCT scans of
patients with horizontal or vertical growth patterns were not
included due to the insufficient number of such cases. It is expected
that in future studies, airway dimensions will be evaluated in
patients with Class I, I, and III malocclusions, including vertical,
normal, and horizontal growth patterns, and the volume of the
nasopharynx will also be measured.

5. Conclusions

The mean volume of the total pharyngeal airway,
velopharyngeal, glossopharyngeal, and oropharyngeal and the
most constricted areas were significantly greater in patients
with skeletal Class III malocclusion compared to patients with
skeletal Class II malocclusion with normal growth pattern.

Total pharyngeal airway, velopharyngeal, and oropharyngeal
volumes were lower in Class II patients compared to Class I and
IIT patients with normal growth patterns. There was a significant
difference in pharyngeal space between males and females with
Class II malocclusion. Pharyngeal space in females with Class 11
malocclusion was larger than that in their male counterparts.
There was no difference in airway space between female and male
patients with Class 1 malocclusion. Pharyngeal space between
females and males showed no difference in Class I1I malocclusion.
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