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3D Images in Different Malocclusions
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Abstract

Introdouction: The aim of this study was to
compare information regarding pharyngeal air-
way sizes in adolescent subjects with different
malocclusion classes obtained from lateral ceph-
alograms and 3—dimensional (3D) cone-beam
computed tomography (CBCT) scans.
Materials and methods: In this prospective
cross-sectional study, CBCT scans and lateral
cephalograms of 35 subjects, taken within one
week, were included. Measurements of the
pharyngeal airway area from the lateral cepha-
lograms and airway volume from the CBCT scans
were analyzed using one-way ANOVA; post-hoc
tests were used for comparison of the airway
area and volume in different malocclusion class-
es. A linear regression of the airway area to vol-
ume was performed to discern associations and
determine correlation coefficients. Descriptive
statistics for airway dimensions were deter-
mined.

Results: No significant differences were de-
tected between the sexes for any measurement;
therefore, all data were combined. Regression
analysis showed that for every mm? increase in
airway area, there was a corresponding 11.94-
mm? increase in mean airway volume. One-way
ANOVA and post-hoc tests demonstrated signifi-
cant differences in airway area and volume be-
tween the three malocclusion classes (p < 0.001).
The highest mean airway area and volume was
observed in class Il malocclusion, followed by
classes | and Il malocclusion.

Conclusion: Pharyngeal airway area, as meas-
ured on the lateral cephalogram, concurs with
volumetric data. However, accurate determi-
nation of airway volume and shape is achieved
by 3D imaging, owing to great variability in the
shape of the pharyngeal air space.
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Introduction

The relationship between respiratory pattern
disorders and changes in facial morphology
has been extensively debated in the literature.:
? Neuromuscular adaptations, nasopharyngeal
obstruction, growth, breathing, and speech are
seriously affected by airway function.® Further,
upper airway dimensions have been considered
to be contributing factors to obstructive sleep ap-
nea. This factor is very important, particularly in
growing patients with skeletal discrepancies and
clinical signs of adenoid facies.®

Therefore, early diagnosis of any change in nor-
mal airway function is critical to ensure normal
facial development.

Brusse seems to be the first person to have re-
ported that airway disorder is a common cause of
malocclusion and leads to the classic appearance
of adenoid facies.® Other studies evaluated the
upper airway in patients with different skeletal
patterns.'” Commonly, lateral cephalograms
have been used to analyze the dimensions of the
upper airway in patients with different sagittal
and vertical skeletal facial morphologies.®')
Lateral cephalograms still play an important
role in the early assessment of the pharynge-
al airway"?; however, this diagnostic approach
to examine anatomical features of the airway is
inadequate.'” A 2-dimensional (2D) representa-
tion of a 3-dimensional (3D) structure causes se-
vere limitations such as distortion, differences in
magnification, and superimposition of bilateral
craniofacial structures.!*'9 Another limitation
of this radiograph is the lack of information re-
garding cross-sectional area and volume.

In recent times, cone-beam computed tomogra-
phy (CBCT) technology has aided in the eval-
uation of airways and acted as a diagnostic
instrument in this area. With CBCT, 3D objects
are reconstructed from raw data; hence, magnifi-
cation is not an issue.

The image generated by CBCT is isotropic and
linear, and angular measurements are reliable
and anatomically accurate.'”

Our aim, in this study, was to compare imag-
ing information about pharyngeal airway size
obtained from lateral cephalograms and CBCT
scans of adolescent subjects with different mal-
occlusion classes.

Materials and Methods

All consecutive adolescents referred to a private
imaging center for CBCT imaging were included
in this study over eight months. The project was
approved by the Committee on Research at Shi-
raz University of Medical Science, International
Branch.

All subjects had a CBCT scan and lateral ceph-
alograms taken less than 1 week apart. Subjects
were excluded from the study if they wore a bite
splint, had a documented craniofacial anoma-
ly, or had undergone orthognathic surgery. The
most common reason for exclusion of a subject
was that the two imaging procedures were not
performed within 1 week of each other. We ex-
amined 98 possible subjects, and only 35 met the
inclusion criteria.

The 2D lateral cephalograms were taken under
standardized conditions with a magnification of
1.3%. All radiographs were scanned using Ado-
be Photoshop 6.0 (Adobe Systems, San Jose,
CA, USA) with the following settings: document
source, TPU for positive film; image type, 24-
bit color; resolution, 150 dots per inch (dpi); and
1200 x 1600 pixels.

Three-dimensional CBCT volume scans were
performed using the NewTom VGi computed to-
mography machine (Quantitative Radiology, Ve-
rona, Italy) with maximum field of view (FOV =
15 x 15 cm).

Lateral cephalograms studies of the airway have
included both linear and area measurements
based on specific cephalometric landmarks and
classification of malocclusion.

In our study,The following anatomical struc-
tures, as seen on the lateral cephalograms, were
used to define the boundaries of the pharynge-
al airway in all subjects: (1) the superior border
was defined by the edge of the hard palate to the
posterior of the pharynx (extension of anterior
nasal spine to posterior nasal spine); (2) the in-
ferior border was determined by the tip of the
epiglottis on a plane parallel to line 1; and (3) the
plane extending from the posterior nasal spine
to the inferior border and perpendicular to the
line 1 and2 marked the anterior border (Figure
1A). The same planes were transferred to the 3D
scans to measure airway volume over the same
anatomical boundaries (Figure 1B).
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Figure 1. ( A) sagittal cross section through mid sagittal plane shows the superior & inferior border of region of
interest. (B) Axial cross section through epiglottis show area of region of interest at the level of epiglottis.

The CBCT axial reconstruction plane was re-ori-
ented for each subject based on three reference
planes: axial, coronal, and sagittal. Airway vol-
umes were determined from the summation of
the airway area by using 1 mm axial CBCT slic-
es over the vertical height of the pharyngeal
airway determined from the lateral cephalo-
grams.The skeletal malocclusions of the subjects
were then classified as per Angle’s classification
(Classes I-III) using the lateral cephalograms.
Thereafter, the following measurements of the
pharyngeal airway were obtained: (a) airway
area of the region of interest from the lateral
cephalograms; and (b) airway volume over the
same of region of interest from the CBCT scan,
with all segmented 3D volumes included in this
study.

A linear regression of the airway area to volume
was performed to discern associations and deter-
mine correlation coefficients. Descriptive statis-
tics for airway dimensions were determined. All
statistical analyses were performed using SPSS
v.18 (SPSS Inc., Chicago, IL, USA).

The comparison of 3D and 2D measurements of
the pharyngeal airway between the two sexes re-
vealed that both area and volume were greater in
male subjects but not statistically significant.
The area measurements obtained using the lat-
eral cephalometric approach and volumetric
measurements obtained using CBCT indicated
a distinct difference between the two approach-
es. There was more variability in volume than in
area, when analyzed as a percentage of the mean
values. There was also a much wider range in the
volume when determined as a percentage of the
mean values (Table 1).

The overall area-to-volume linear regression
(Figure 2) demonstrated a positive association
between the measurements with a moderately
high correlation coefficient value (r = 0.831; p
< 0.001). Regression analysis showed that for
every mm? increase in mean airway area, there
is a corresponding 11.94-mm? increase in mean
airway volume.

Table 1. Descriptive statistics of airway area and volume according to malocclusion type.

Malocclusion measure n Meant SD
type ment
Area mm?2 35 325.24+85.38
Total
Volume mm3 35 3398.11+1226.85
Area mm2 7 361.281 £36.07
classl
Volume mm3 7 4223.265+388.978
Area mm2 19 263.002+33.764
classIl
Volume mm3 19 2383.05+361.493
Area mm?2 428.633+71.299

classIII
Volume mm3

4899.25+641.562

Max Min r P value

540.13 205.2100

0.831 0.000
5876.12 1835.23
403.05 316.1400

0.327 0.474
4834.20 3711.700
315.23 205.2100

0.374 0.115
2989.80 1835.2300
540.13 322.3500

0.125 0.748
5876.12 3827.3500
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One-way ANOVA and post-hoc tests showed
that there were significant differences in area and
volume among the three classes of malocclusion
(P <0.001). The highest mean values for airway
area and volume were observed in class III mal-
occlusion, followed by classes I and II (Table 1).
As the area-to-volume regression plot shows a
moderately high correlation, much airway vol-
ume variability could be seen over high chang-
es in airway area when the individual data were
viewed and sorted, based on the type of mal-
occlusion (Table 1). Over the midrange of the
sample, there was much variability in the airway
volume for similar airway areas (Fig 3). The area
varied over a narrow range, between 250 and 400
mm?2, for many subjects; yet, the volume varied
from 2000 to 6000 mm?, with most values in the
range of 2000 to 3000 mm°.

Discussion

Previous studies on the airway attempted to
quantify airway restriction and function by mor-
phologic or functional measurements.!'®*?Lat-
eral cephalometric films have been mostly used
for upper airway evaluation in orthodontics, with
specific landmarks to characterize the airway.*?
This study was primarily designed to determine
the clinical value of cephalometric films as a tool
for pharyngeal airway assessment, compared
with quantification of the 3D morphology of the
pharyngeal airway using CBCT scans. Our data
were retrospective and cross-sectional, so no at-
tempt was made to correlate the subjects’ facial
morphology with individual airway size.

CBCT scans in the present study were taken in
an upright position to avoid airway space mod-
ification between radiographs taken in supine
and upright positions. The overall patency of
the pharyngeal airway can be assessed through
cephalometric films. However, there is a notion
that 2D view of the airway space does not give
an accurate indication of the complexity of this
structure or its true size. Results of the present
study showed that subjects with smaller airway
area, as seen on the lateral cephalograms, had
smaller corresponding airway volume; thus, the
lateral cephalograms can provide valuable infor-
mation about severe airway restriction, as well
as the morphology of the airway space. Unfortu-
nately, we cannot generalize the results owing to
the limitations of a small sample size and single

imaging center.

The results also showed that there were signif-
icant differences in airway area and volume
between the three classes of malocclusion. The
highest mean values for both area and volume
were observed in class III malocclusion, fol-
lowed by classes I and II. This is a starting point
for enhancing the ability of anesthesiologists to
manage the airway in patients known or suspect-
ed to be difficult to intubate. In these cases, a
lateral cephalograms may be of more value than
clinical tools such as history and examination.
CBCT technology gives a new insight into an-
atomical landmarks not visible on 2D cephalo-
grams. It allows measurement of real distances
and angles that help to evaluate correctly the
growth and development of the craniofacial
complex.®

Clinical malocclusion is a 3D manifestation;
however, a clinician usually focuses on anter-
oposterior correction instead of evaluating verti-
cal and transverse dimensions as well. Therefore,
besides airway assessment from a 3D aspect,
CBCT images have the potential for description
of a 3D malocclusion.

Since we did not perform functional tests in this
study, we cannot introduce a threshold to demon-
strate to what extent airway volume can affect
function. Further studies are needed to expand
our understanding of this subject.

Some studies admit that resistance to airflow is
related to both size and shape of the airway pas-
sage.?* 29 Three-dimensional evaluation of the
airway may also help to better discriminate the
pharyngeal airway shape and diagnose airway
problems more effectively.

Conclusion

There is a significant positive relationship be-
tween pharyngeal airway area on a lateral ceph-
alogram and its true volumetric size on a CBCT
scan. However, accurate determination of airway
volume and shape is achieved by 3D imaging,
owing to great variability in the shape of the
pharyngeal air space.
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