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Comparison of pharyngeal airway volume among different vertical

skeletal patterns:

A cone-beam computed tomography study

Mevlut Celikoglua; Mehmet Bayrama; Ahmet E. Sekercib; Suleyman K. Buyukc; Ebubekir Toyd

ABSTRACT
Objective: To test the null hypothesis that there are no significant differences in pharyngeal airway
volumes among adult patients with different vertical skeletal patterns and a clinically normal sagittal
skeletal pattern using cone-beam computed tomography (CBCT).
Material and Methods: The study sample consisted of 100 adult patients (45 men and 55 women;
mean age 5 24.0 6 5.3 years) with a normal sagittal skeletal pattern divided into three groups
according to the vertical skeletal patterns: high angle (32 patients: 15 women and 17 men), low
angle (34 patients: 14 women and 20 men), and normal angle (34 patients: 16 women and 18 men)
groups. Nasopharyngeal, oropharyngeal, and total airway volumes of patients in all vertical groups
were calculated. Group differences were analyzed using one-way analysis of variance and post
hoc Tukey tests.
Results: Nasopharyngeal airway volume in the high-angle group (mean 5 6067.9 6 1693.9 mm3)
was significantly lower than that of the low- and normal-angle groups (P , .01). Oropharyngeal
airway volume was highest in the low-angle group (mean 5 15,957.6 6 6817.2 mm3) and
significantly decreased in the control (mean 5 11,826.1 6 4831.9 mm3; P 5 .008) and high angle
(mean 5 10,869.1 6 4084.1 mm3; P 5 .001) groups. Total airway volume was highest in the low-
angle group (mean 5 24,261.6 6 8470.1 mm3) and lowest in the high-angle group (mean 5

16,937.0 6 5027.4 mm3; P , .001).
Conclusion: The null hypothesis was rejected. Significant differences were found in pharyngeal
airway volumes among different skeletal vertical patterns. (Angle Orthod. 2014;84:782–787.)
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INTRODUCTION

Vertical malocclusions might develop during puber-
tal growth due to several etiologic factors, including
growth of the maxilla and mandible, dentoalveolar

development, eruption of the teeth, and function of the
tongue.1 According to Schudy2 and Isaacson et al.,3

backward mandibular rotation and bite opening occurs
when vertical growth of condyles is less than that of the
facial sutures and alveolar processes.

The relationship between craniofacial morphology
and respiratory function has been the focus of
investigation since the 19th century.4 A number of
studies5–17 have been published on the relationships
between the pharyngeal airway and the facial pattern.
However, most of the previous studies5–7,11,14,15 were
performed on lateral cephalometric films. Because
lateral films represent three-dimensional (3D) struc-
tures in two dimensions that do not allow the
evaluation of those structures’ volumes, previous
studies were limited.18 In addition, lateral cephalomet-
ric films have severe limitations, such as distortion, low
reproducibility due to difficulties in landmark identifica-
tion, differences in magnification, and the superimpo-
sition of bilateral craniofacial structures.19
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The advantages of using computed tomography
(CT) have been previously emphasized; however, the
high dose of radiation generated by CT devices is an
important limiting factor for routine use in clinics. Cone-
beam CT (CBCT) has become a well-accepted
diagnostic imaging technique, especially because of
its lower radiation doses and faster image acquisition
times compared with CT.20

Although a number of studies9,10,12–14,16,17 were per-
formed to investigate the relationship between sagittal
skeletal patterns and pharyngeal airway, the relation-
ship between vertical growth patterns and pharyngeal
airway was limited.7,8,10,11,15 Within the limitations of
those studies,7,10,11,15 which were performed using
lateral cephalometric films, an association between
pharyngeal airway dimensions and vertical skeletal
pattern was demonstrated. To the best of our knowl-
edge, only one study8 has evaluated pharyngeal airway
volume in patients with different vertical skeletal
patterns, and that unique study had a small sample
size of about 21 patients in each vertical group. In
addition, sagittal skeletal pattern was not standardized in
all vertical groups and included patients with skeletal
Class I, II, and III malocclusions and no indication of how
many patients had each type. Many authors9,12–14,16,17

have found that pharyngeal airway dimensions and/or
volumes are affected by sagittal skeletal patterns. Thus,
it seems that the findings reported previously might be
affected by sagittal skeletal pattern distribution of the
patients in each vertical group.

The aim of the present study was to evaluate the
pharyngeal airway volumes of patients presenting with
normal sagittal skeletal pattern and different vertical
skeletal patterns (high- and low-angle patterns) and to
compare the findings with a well-matched control
group (normal angle) using 3D analysis on CBCT. In
addition, some angular and linear measurements were
performed to exclude the effects of sagittal skeletal
pattern on pharyngeal airway volumes.

MATERIAL AND METHODS

The present retrospective study was approved by
the local ethical committee in Erciyes University. All
patients signed an informed consent form allowing use
of their data for scientific purposes. CBCT scans used
in the present study were part of diagnostic records
collected to assess impacted teeth and/or orthodontic
treatment needs, and no patient was contacted and no
CBCTs were taken for the purpose of the present
study.

Study sample calculation was performed based on
a formula previously described by Pandis.21 A sample
size of at least 27 patients in each group would
be necessary to detect a difference of 2500 mm3

(62500 mm3) pharyngeal pathway volume with a test
power of 95% (p 5 .05 significance level). To increase
the power of the study, more patients were included in
each vertical group. A total of 100 adult patients, aged
18 to 30 years, were randomly selected from the
archive of Erciyes University. The patients’ data
(anamnesis, plaster models, photographs, clinic diag-
nosis forms) were examined; exclusion criteria were
chronic mouth breathing, permanent snoring, tonsil-
lectomy, adenoidectomy, previous orthodontic treat-
ment and orthognathic surgery, cleft lip and/or palate
and/or related syndromes, history of trauma, and body
mass index higher than 28. Patients with enlarged
adenoids and/or tonsils were also excluded from the
study. All selected patients had dental (based on Angle
classification by using plaster models) and skeletal
Class I (1u , ANB , 5u)22 relationships.

The selected patients were divided into three groups
based on vertical growth pattern using SN-MP angle
(high angle 5 .38u; low angle 5 ,26u; and control
group or normal angle 5 26–38u).11,22 The sample
included 32 patients in the high-angle group (15
women and 17 men; mean age 5 23.9 6 4.8 years),
34 patients in the low-angle group (14 women and 20
men; mean age 5 24.3 6 6.6 years), and 34 patients
in the normal-angle group (16 women and 18 men;
mean age 5 23.9 6 4.4 years). All patients in the high-,
low-, and normal-angle groups had a skeletal Class I
relationship (ANB 5 3.2 6 1.5u, 2.9 6 1.5u, and 3.3 6

1.4u, respectively), and the SN-MP angle was 42.2 6

3.3u, 23.8 6 2.5u, and 32.5 6 3.8u, respectively.

Craniofacial features of the patients were examined
by four angular (SNA, SNB, ANB, and SN-MP) and two
linear (Co-A and Co-Gn) measurements performed on
lateral cephalometric films (Figure 1); bizygomatic

Figure 1. Cephalometric measurements used in the present study:

SNA (u), SNB (u), ANB (u), SN-MP (u), Co-A (mm), and Co-Gn (mm).
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width (the distance between zygomatic right and
zygomatic left) was measured on frontal radiographs
(Figure 2) obtained from CBCT using Simplant Pro
software, version 13 (Materialise Dental, Leuven,
Belgium).

All images were taken in a standard supine position
(scanning time 5 14–18 seconds; collimation height 5

13 cm; exposure time 5 3.6 seconds; and voxel size 5

0.3 mm3) using the same device (NewTom 5G, QR,
Verona, Italy). Patients were asked to bite in maximum
intercuspation but not to swallow and not to move their
head or tongue while the CBCT was being taken.

The 3D images were transformed to DICOM (Digital
Imaging and Communications in Medicine) and han-
dled by Simplant Pro software. Each 3D-rendered
image was then reoriented using the Frankfort
horizontal plane as the horizontal reference plane.
The sagittal reference plane was constructed from the
nasion and mid-orbital point and perpendicular to the
horizontal reference plane. The axial plane was
constructed from the nasion and perpendicular to the
horizontal and sagittal planes. The borderlines of the
pharyngeal airway consisted of the anterior border,
that is, the vertical plane through the posterior nasal
spine (PNS) perpendicular to the sagittal plane; the
posterior border, the posterior wall of the pharynx; and
the inferior border, a plane tangent to the most caudal
medial projection of the third cervical vertebra perpen-
dicular to the sagittal plane.8 The plane perpendicular
to the sagittal plane through the posterior nasal spine
and lower medial border of the first cervical vertebra
divided the pharyngeal airway into two segments, the
upper (nasopharyngeal airway) and lower (oropharyn-
geal airway) compartments (Figure 3). The previously
described 3D volumetric measurements were blindly
and randomly analyzed with the Simplant software by

an experienced maxillofacial radiologist who had no
knowledge of the patient’s vertical pattern.

Statistical Analysis

To determine the random error associated with
digitizing and measurements, 30 radiographs (10
radiographs from each group) were randomly selected.
All procedures, such as landmark identification, trac-
ing, and 3D measurements, were repeated 2 weeks
after the first examination by the same investigators
(3D volumetric measurements by Dr Sekerci; cranio-
facial measurements by Dr Buyuk) without knowledge
the first measurements. Pearson correlation coeffi-
cients were performed to assess the reliability of the
measurements. In addition, the differences between
the two readings for both volumetric and cephalometric
measurements were tested to estimate the systematic
error by means of a paired t-test.

Because the normality test of Kolmogorov Smirnov
showed normal distribution of the data, the compari-
sons between the groups were analyzed with para-
metric tests. Distribution of gender and chronological
age in each vertical group was tested by means of x2

and one-way analysis of variance (ANOVA) tests,
respectively. A Student t-test was performed to
examine gender differences for airway volumes.
One-way ANOVA was performed to test potential
differences among groups and post hoc Tukey
honestly significant difference for individual differenc-
es. All statistical analyses were performed using the
SPSS software package program (SPSS for Windows
98, version 11.0, SPSS Inc, Chicago, Ill) at P , .05.

RESULTS

The coefficients of reliability of the craniofacial and
pharyngeal airway volume measurements were above
0.991 and 0.993, respectively. The results of the

Figure 2. Measurement used on the frontal radiographs (bizygo-

matic width) obtained from CBCT.

Figure 3. Three-dimensional measurement of pharyngeal airway

volumes.
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paired t-test showed that there were no significant
differences between the first and second examinations
for measurements, confirming that they were free of
systematic error (P . .05).

Demographic values (gender distribution and chro-
nological ages) of the vertical groups are shown in
Table 1. All vertical groups were matched on chrono-
logical age and gender distribution as tested by one-
way ANOVA and Pearson x2, respectively (P . .05).

Comparisons of nasopharyngeal, oropharyngeal,
and total airway volumes between genders are shown
in Table 2. No statistically significant differences were
found between genders, and thus, the subjects were
pooled for further statistical comparisons.

According to the results of ANOVA, statistically
significant differences were found for SN-MP angle (P
, .001), bizygomatic width (P , .001), nasopharyn-
geal (P , .001), oropharyngeal (P , .01), and total
airway volumes (P , .001) among the vertical groups.
There were no statistically significant differences for
SNA, SNB, ANB, Co-A, and Co-Gn measurements (P
. .05) (Table 3). The bizygomatic width was highest in
low-angle group (mean 5 126.5 6 6.7 mm) compared
with the normal-angle group (mean 5 122.3 6 3.8 mm;
P , .01) and the high-angle group (mean 5 121.4 6

5.2 mm; P , .001). No statistically significant
difference was found between the high- and normal-
angle groups (P . .05).

Nasopharyngeal airway volume in the high-angle
group (6067.9 6 1693.9 mm3) was significantly lower
than that of the low-angle group (8304.0 6 3081.3 mm3;
P 5 .003) and the normal-angle group (8951.8 6

2235.6 mm3; P , 0.001). Oropharyngeal airway volume
was highest in the low-angle group (15,957.6 6

6817.2 mm3) and significantly decreased in the control
group (11,826.1 6 4831.9 mm3; P 50.008) and the
high-angle group (10,869.1 6 4084.1 mm3; P 50.001).
Total airway volume was highest in the low-angle group
(24,261.668470.1 mm3) and lowest in the high-angle
group (16,937.0 6 5027.4 mm3) (P ,0.001) (Tables 3
and 4).

DISCUSSION

According to Aras et al.,23 cephalometric techniques
to evaluate pharyngeal airway are insufficient com-
pared with CT. Because of the high doses of radiation
with CT, however, the use of CBCT was suggested for
the assessment of pharyngeal airway volume. The
coefficients of reliability of the pharyngeal airway
volume measurements in the present study were
above 0.993, agreeing with the findings of previous
studies12,13,16,25,26 using CBCT.

Several two-dimensional and 3D studies8,9,12–14,16,17,24–26

have been performed to evaluate the relationship
between airway and sagittal skeletal patterns. It was
observed that patients with skeletal Class I and III had
significantly larger pharyngeal airway volumes than
patients with Class II.13,14,16 Although the ANB angle
might be affected by the anteroposterior position of the
nasion relative to the maxilla and mandible,11,13,14,16 it was
the most commonly used cephalometric measurement to
determine sagittal relationship of the jaws.8–13,15,17,26 Thus,
we decided to use the ANB angle to define the sagittal
relationship of the jaws and exclude its effect on
pharyngeal airway volume.

In the present study, men had larger nasopharyn-
geal, oropharyngeal, and total airway volumes than
women. However, this difference was not statistically

Table 1. Descriptive Statistics for the Groups

High Angle (n 5 32) Low Angle (n 5 34) Control (n 5 34) Total P

Women/men 15/17 14/20 16/18 45/55 NSa

Chronological age (years) 23.9 6 4.8 24.3 6 6.6 23.9 6 4.4 24.0 6 5.3 NSb

a Results of Pearson x2 test; NS indicates not significant.
b Results of one-way analysis of variance.

Table 2. Descriptive Statistics and Comparisons of Airway Volumes Between Genders

Nasopharyngeal Airway Volume (mm3)a Oropharyngeal Airway Volume (mm3)a Total Airway Volume (mm3)a

High angle

Women 5817.8 6 1644.1 10,200.1 6 4638.9 16,017.9 6 1283.7

Men 6288.1 6 1756.2 11,460.7 6 3563.1 17 749.8 6 1233.1

Low angle

Women 7800.6 6 2727.9 15,515.1 6 5117.0 23 316.7 6 5588.7

Men 8656.4 6 3328.8 16,267.2 6 7909.5 24 923.6 6 10,105.3

Control

Women 8214.5 6 2005.1 11,784.3 6 4483.2 19 998.8 6 5937.7

Men 9607.2 6 2277.8 11,863.2 6 5252.1 21 470.4 6 5823.8

a Results of a Student t-test comparing airway volumes between genders (no statistically significant differences for all groups).

PHARYNGEAL AIRWAY VOLUME AMONG VERTICAL PATTERNS 785

Angle Orthodontist, Vol 84, No 5, 2014

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-05-15 via free access



significant (P . .05). No significant gender difference
was found in previous studies,8,13,17 confirming this
finding. However, Chiang et al.27 found a significant
gender-related difference for the airway volume.
Gender and chronological age distribution and/or the
use of different anatomic landmarks to define the
airway might be possible factors affecting this differ-
ence. In our study, the groups were well matched
regarding chronological age and gender distribution as
tested by one-way ANOVA and x2 tests (P . .05).

Anteroposterior relationships of the maxilla and
mandible in the present study were within normal
limits, and no statistically significant differences were
observed for SNA, SNB, ANB, Co-A, and Co-Gn
among the high-, low-, and normal-angle groups,
eliminating the possible effects of the sagittal skeletal
pattern.8,9,12–14 On the other hand, significant differenc-
es were found for SN-MP angle and bizygomatic width
among the groups. The difference observed for SN-MP
was expected as the subjects were divided into three
groups according to this criterion. Recently, size of the
face measured as bizygomatic width on frontal
radiographs was found to be significantly correlated
with inferior, superior, and total airway volumes in a
study by Grauer et al.8 In the present study, subjects in
the low-angle group had the largest bizygomatic width

(P , .01), and this factor may be a possible
explanations as to why patients in the low-angle group
had larger pharyngeal airway volumes than patietnts in
the high- and normal-angle groups. Although no
statistically significant difference was present for the
SNB angle among the groups, it was lowest in the
high-angle group. Another explanation for the airway
differences among the groups might be the retruded
mandible in the high-angle group. According to Kim et
al.,9 preadolescent children with retruded mandibles
had decreased total pharyngeal airway volumes.

After conducting a bibliographic search in PubMed’s
Medline using the keywords CBCT, pharyngeal airway,
vertical skeletal pattern, 3D analysis, and airway, we
found only one study to date (one by Grauer et al.8) that
presented pharyngeal airway volume comparisons
among vertical growth patterns using CBCT. The
authors8 stated that there were no significant differenc-
es in the inferior, superior, and total airway volumes
among the long, short, and normal groups of nongrow-
ing patients. However, we found significant differences
for all pharyngeal airway volume measurements among
the vertical groups. The technique to define airway
volumes and chronological age distributions were
similar in both studies. One of the differences, however,
was that the previous study included fewer patients in
groups than we did; in addition, the previous study used
different parameters (facial index values) to define the
vertical groups. However, the most important differ-
ence, in our opinion, might be the sagittal relationship of
the patients. As stated by the authors,8 many patients
with long faces were also classified as skeletal Class II
or Class III, whereas those with short faces tended to be
classified as skeletal Class I. It was understood that a
sagittal standardization was not performed to eliminate
the effects of sagittal relationship of the jaws. In light of
the findings of previous studies,9,12–14,16,17 significant
differences for pharyngeal airway volumes were pres-
ent among sagittal skeletal patterns.

Table 3. Descriptive Statistics and Comparisons of Craniofacial and Airway Volume Measurements Among Groups

High Angle (n 5 32) Low Angle (n 5 34) Control (n 5 34) P a

Craniofacial measurements

SNA (u) 80.1 6 3.5 81.1 6 4.0 80.0 6 2.7 NS

SNB (u) 76.9 6 3.7 78.2 6 4.1 76.7 6 2.9 NS

ANB (u) 3.2 6 1.5 2.9 6 1.5 3.3 6 1.4 NS

SN-MP (u) 42.2 6 3.3 23.8 6 2.5 32.5 6 3.8 .000

Co-A (mm) 81.2 6 4.6 79.6 6 3.2 81.7 6 3.7 NS

Co-Gn (mm) 112.4 6 8.0 113.0 6 5.7 111.3 6 5.6 NS

Bizygomatic width (mm) 121.4 6 5.2 126.5 6 6.7 122.3 6 3.8 .000

Airway volume measurements

Nasopharyngeal (mm3) 6067.9 6 1693.9 8304.0 6 3081.3 8951.8 6 2235.6 .000

Oropharyngeal (mm3) 10,869.1 6 4084.1 15 957.6 6 6817.2 11,826.1 6 4831.9 .001

Total (mm3) 16 937.0 6 5027.4 24,261.6 6 8470.1 20,777.9 6 5835.5 .000

a Results of one-way analysis of variance; NS indicates not statistically significant.

Table 4. Multiple Comparisons of Airway Volume Measurements

Among Groups by Means of the Tukey Honestly Significant

Difference Testa

Airway Volume Measurements H-L H-C L-C

Nasopharyngeal .003 .000 .820

Oropharyngeal .001 .730 .008

Total .000 .089 .096

Craniofacial measurements

SN-MP .000 .000 .000

Bizygomatic width .000 .732 .004

a H indicates high-angle group; L, low-angle group; C, control

group.
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Within the limitations of the present study, pharyn-
geal airway volumes were lowest in the high-angle
group. Considering this finding, orthodontists should
define the best treatment that should have positive
effects on the pharyngeal airway.

CONCLUSIONS

N The null hypothesis was rejected. Significant differ-
ences were found for pharyngeal airway volumes
among different vertical skeletal patterns using CBCT.

N Nasopharyngeal, oropharyngeal, and total airway
volumes were lowest in the high-angle group; thus,
the appropriate treatment of malocclusion in those
patients should also have positive effects on pha-
ryngeal airway.

N Oropharyngeal and total airway volumes were the
highest in the low angle group.
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