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Three-dimensional analyses of palatal morphology and its relation to upper

airway area in obstructive sleep apnea

Defne Kecika

ABSTRACT
Objective: To evaluate the relationship between palatal morphology and pharyngeal airway
morphology in patients who have obstructive sleep apnea (OSA) and compare with a nonsnoring
and nonapneic control group.
Materials and Methods: Three-dimensional maxillary dental cast measurements from 25 OSA
patients (6 women, 19 men) with a mean age of 41.5 (4.8) years, and 25 control group participants
(14 women, 11 men) without any symptom of OSA with a mean age of 38.3 (3.7) were correlated
with an analysis of pharyngeal area evaluated with lateral cephalograms. Intermolar and
intercanine widths and palatal volumes were calculated on the dental casts, and the upper airway
area measurements were performed on lateral cephalograms.
Results: OSA patients had smaller oropharyngeal volume and upper airway when compared with
controls (P , .001). Palatal area measurements were significantly smaller in OSA (P , .001). OSA
patients had significantly narrower maxilla with smaller intermolar and intercanine widths (P ,

.001). A positive correlation was found between the palatal morphology and pharyngeal
dimensions.
Conclusions: A significant correlation exists between palatal morphology and pharyngeal airway.
(Angle Orthod. 2017;87:300–306)
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INTRODUCTION

Obstructive sleep apnea (OSA) is defined as a
frequent and common respiratory disease character-
ized by repeated episodes of the obstruction of the
upper airways that could be life threatening, associated
with daytime dysfunction, excessive daytime sleepi-
ness, reduced quality of life, accidents, stroke, and
cardiovascular mortality and morbidity.1,2 OSA is
characterized by the repetitive collapse and reopening
of the upper airway during sleep, impairing oxygena-
tion and resulting in intermittent hypoxemia and
hypercapnia.3

Gender, age, and body mass index are directly

related to OSA, which has a prevalence of 24% in men

and 9% in women between 30 to 70 years of age.2

OSA pathogenesis is related to the characteristics of

airway anatomy, morphology, and soft tissue struc-

tures; narrow upper airway space; reduced activity of

the upper airway dilator muscles; ventilator control

insufficiency; abnormalities of the facial skeleton;

enlarged soft tissues; and neuromuscular factors.4–6

Anatomical factors such as increased airway dis-

tance, wall thickness, and tongue volume are associ-

ated with OSA.7 Reduced maxillo-mandibular

dimensions can result in reduced airway size, and

the pharyngeal morphology shows a continuous

change throughout adult life.8 Craniofacial characteris-

tics associated with OSA include maxillo-mandibular

skeletal morphology, cranial base, hyoid position,

tongue volume, head position, and upper airway soft

tissue size.5–9 The most common features are the

differences in maxillo-mandibular morphology. A short-

er, narrower, and tapered maxillary arch with a

mandibular deficiency is associated with OSA.10–13

Electromyography and fiberoptic endoscopy evaluation

show a loss of pharyngeal muscle tonus while
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sleeping, resulting in the partial or complete obstruction
of the oropharyngeal airway.14

The aim of this study is to investigate if a difference
between the palatal morphologies of OSA and control
patients and evaluate if a correlation exists among the
palatal volume and upper airway morphology.

MATERIALS AND METHODS

This clinical retrospective study was approved by
Institutional Review Board and Ethical Committee of
Bas�kent University, assigned as D-KA16/11.

The sample consisted of 50 patients from the
archives of the Bas�kent University Faculty of Dentistry
Department of Orthodontics in Istanbul Hospital. A total
of 25 nonobese patients (6 women, 19 men) with a
mean age of 41.5 (4.8) years (minimum 29.8,
maximum 57.3 years) who had OSA with no craniofa-
cial deformity were evaluated by an ear, nose, and
throat specialist and chest specialist, and those
indicated with OSA were selected. The study group
participants were selected from the patients who were
admitted to the Sleep Disorder Clinic of Bas�kent
University Istanbul Hospital with complaints of rest-
lessness, fatigue, or insomnia symptoms and/or with
reported breathing interruptions by the bed partner.
Full-night polysomnography was conducted for all
patients. Patients with an Apnea-Hypopnea Index of
5 or more per hour were diagnosed as having OSA.

The control group consisted of 25 participants (14
women, 11 men) without any history of respiratory
problems or craniofacial deformity and with a class I
skeletal relationship at a mean age of 38.3 (3.7) years
(minimum 26.6, maximum 54 years). The control group
participants had an Apnea-Hypopnea Index of ,5 per
hour.

Inclusion and exclusion criteria were the following:
Participants older than 20 years of age with angle class
I and full permanent teeth eruption including second
molars were included; participants with cardiovascular
disease, diabetes, chronic obstructive or restrictive
lung diseases, a previous history of pharyngeal surgery
or tonsillectomy, craniofacial deformity, or cleft lip and
palate were excluded. Basic demographic information,
medical comorbidities, and medication information
were obtained from self-reported checklists for medical
history and medical records.

All patients had maxillary dental casts and standard-
ized lateral cephalometric radiographs. Nasopharyn-
geal, oropharyngeal, and soft palate areas were
evaluated. The nasopharyngeal area is the area
bordered at the top with the line connecting the
adenoid tissue upper point and the posterior nasal
spine. The lower border is the line passing through the
Xi point parallel to the Frankfort horizontal plane. The

anterior border is the posterior border of the soft palate,

and the posterior border is the posterior pharyngeal
wall. The oropharyngeal area is outlined by the inferior

border of nasopharyngeal area and the posterior

surface of the soft palate, extending through the line
passing through the tip of the epiglottis parallel to the

Frankfort horizontal plane. The soft palate area is
shown as the area confined by the outline of the soft

palate that starts and ends at the posterior nasal spine

on the lateral cephalograms (Figure 1). Area measure-
ments are performed with the software Image J 1.38e

(Image Processing and Analysis in Java; National
Institutes of Health, Bethesda, Md.).

Plaster models of the maxillary arch were analyzed

for intercanine and intermolar widths and palatal
volume. Intercanine width was digitally measured by

Orthomodel V2.0.206 (Orthomodel, Istanbul, Turkey)

from the upper right cusp tips to the left canines. The
intermolar width was measured with the same method

from the mesiobuccal cusp tips of each side of the first
molars (Figure 2).

Three-dimensional (3D) scanning of the models was

performed by 3Shape Dental System D 640 (3Shape

A/S, Copenhagen, Denmark), with an accuracy of 15
lm; they were analyzed by Mimics 14 (Materialise,

Leuven, Belgium).

As described by Primozic et al.,15 dental casts were
precisely evaluated to avoid unwanted data. To define

the borders of palatal volume, the digitizing process
was based on the method of Lione et al.16

The gingival plane was constructed by connecting

the line of the dento-gingival junction of all erupted

teeth. The distal border was perpendicular to the
dento-gingival plane, passing from the two most distal

points corresponding to the distal surfaces of the
second permanent molars. The palatal vault was the

cranial border of the 3D image (Figure 3a–d).

Statistical Analysis

The statistical analysis was performed using the

Statistical Package for Social Sciences version 22.0
software (IBM Corp., Armonk, N.Y.). Normal distribu-

tion of the variables was verified by the Shapiro–Wilks

test. Descriptive analyses for normally distributed
parameters are presented as means and standard

deviations among the study groups. The homogeneity
of variances was assessed with the Levene test.

To define the method reliability among the dental

casts, 20 of them were redigitized by the same

examiner after 2 weeks. A paired-sample t-test was
performed to compare two measurements, indicating

an insignificant error between two sets of casts within
the limits of 0.90–0.93.
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Airway measurements on the lateral cephalograms

were compared using Student’s t-tests. Two weeks

later, a paired-sample t-test was performed to remea-

sure 20 randomly selected head films. The difference

was insignificant (0.89–0.95) and within acceptable

limits.

The estimates are based on the pilot study, including

10 patients in each group. A sample size of 21 patients

was detected to allow for a type II error level of b¼ .20

(80% power) and a type I error level of a ¼ .05 (5%

probability). To account for possible dropouts, 25

patients were included in each group. The power

calculation yielded the power of variables as 99% to

detect the differences in the two groups.

The correlation between the lateral cephalograms

and the dental casts were performed with the Pearson

correlation test.

RESULTS

There was no systematic error between repeated

digital measurements. The mean random error for

palatal volume was 83 mm3, within acceptable limits. A

total of 20 randomly selected cephalograms were

remeasured 2 weeks after the first digitization.

Paired-sample t-tests were applied, and the difference

was insignificant (0.83–0.94), within acceptable limits.

Figure 1. Diagrammatic representation of landmarks and tracings of the nasopharynx, oropharynx, and soft palate. Ad1 indicates upper point of

adenoid tissue; PNS, posterior nasal spine; Epg, tip of epiglottis; Xi, geographic center of ramus; PTV, pterygoid vertical plane; FH, Frankfort

horizontal plane; soft palate area, soft palate that starts and ends at PNS; nasopharynx, area outlined between the line passing through Ad1 point

to the PNS, extension of the palatal plane to posterior pharyngeal wall and posterior pharyngeal wall; oropharynx, area outlined by the inferior

border of nasopharynx, the posterior and inferior surface of soft palate, the line parallel to the FH plane through point Epg.

Figure 2. The intercanine (IC) and intermolar (IM) distances on the

digital models.
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Demographic data of the ages are shown in Table 1.

Descriptive statistics and intergroup differences of

palatal volume are given in Table 2.

The intercanine width between groups showed no

statistical difference (P . .05). However, the intermolar

width of the OSA group was significantly smaller than

controls (P , .001). The palatal volume was signifi-

cantly smaller in the OSA group (P , .001). The soft

palate area of the OSA group was significantly larger

than the controls (P , .01). The nasopharyngeal and
oropharyngeal areas were significantly smaller when
compared with controls (P , .001).

There was a significant negative correlation between
the soft palate area and palatal volume in the OSA
group (P ¼ .000; r ¼�.943; P, significance; r, Pearson
correlation coefficient). The correlation between the
nasopharyngeal area and the palatal volume was
significantly positive (P ¼ .000; r ¼ .874). There was
also a positive significant correlation between the
oropharyngeal area and the palatal volume (P ¼ .000;
r ¼ .848).

DISCUSSION

This study aimed to evaluate the differences of the
palatal and upper airway morphology between OSA
patients and healthy participants and determine wheth-
er any correlation exists between the pharyngeal
morphology and the palatal volume. Lowe et al.17

compared upper airway structures and craniofacial
morphology, identifying the indicators of OSA and
indicating the morphological differences between OSA

Figure 3. Palatal volume is defined as shown (a–d). Gingival plane was constructed by connecting the line of the dento-gingival junction of all

erupted teeth. The distal plane is constructed perpendicular to the dento-gingival plane passing from two most distal points corresponding to the

distal surface of the second molar teeth. The palatal vault is the cranial border of the three-dimensional image. (a) The palatal aspect. (b) The

overall volumetric image distracted from the dental model image. (c) The facial aspect. (d) The posterior aspect of the palatal volumetric analysis.

Table 1. Demographics of the Ages of the Patients of the Two

Groupsa

Min Max Mean SD

OSA

Females (n ¼ 6) 29.2 58.1 42.2 3.8

Males (n ¼ 19) 30.6 56.8 41.9 5.6

Total (n ¼ 25) 29.8 57.3 41.5 4.8

Control

Females (n ¼ 14) 28.8 55.8 39.7 3.4

Males (n ¼ 11) 24.5 53.5 37.3 4.5

Total (n ¼ 25) 26.6 54.3 38.3 3.7

a Min indicates minimum; Max, maximum; SD, standard deviation;
OSA, obstructive sleep apnea.
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patients with different skeletal subtypes. Lowe et al.18

and deBerry-Borowiecki et al.19 stated that patients
with OSA had a smaller maxilla and posteriorly
positioned mandible.

Measuring the maxillary transverse dimensions and
combining them with 3D volumetric measurements in
the OSA participants resulted in skeletal adaptations of
the palatal region that had smaller palatal volume and
airway dimensions than the controls.

A change in the mode of breathing causes a
corruption in the balance between tongue and cheek
pressures. Harvold et al.20 showed that the maxillary
arch form is determined by tongue posture and
function, especially during certain stages of dentition
development. In this study, OSA patients showed a
palatal morphology with a narrower maxillary and a
smaller palatal volume when compared with controls,
in agreement with previous research that shows that
nasal deformities and maxillary growth modifications
were in relation to increased nasal airway resistance.21

Bresolin et al.,22 Harari et al.,23 and Berwig et al.24

evaluated plaster models of nasal and mouth breath-
ers, defining that a change in breathing pattern could
lead to a change in the palatal morphology, such as a
decrease in intercanine and intermolar widths, consis-
tent with the current results.

According to Staley et al.,25 the narrowing of the
upper arch is for the compensatory mechanism to
maintain the occlusion while the mandible is becoming
retropositioned. Similar to the current findings, Seto et
al.26 found a maxillary dental arch constriction in OSA
patients and stated that palatal height itself is not a
reliable indicator of maxillary constriction and that the
width must also be taken into consideration. In this
study, palatal volume was significantly smaller when
compared with healthy controls.

Concerning the soft tissue, studies have revealed that
the soft palate is elongated and thickened in patients
with OSA, and the anteroposterior pharyngeal space is
reduced at the superior, middle, and inferior levels,27–32

in addition to the similar reductions in the oropharynx
and the hypopharynx.31 Lowe et al.32 also stated that the
size of the soft palate is a strong etiologic factor, such as

the mandible in patients with OSA. Rodenstein et al.33

found that the soft palate area was larger in OSA
patients versus controls. Mayer et al.34 showed that the
soft palate length and the hypopharyngeal area were
significantly larger in OSA patients.

Although the pharynx is a 3D structure and the most
precise method for evaluating anatomical structures is
by 3D imaging systems, lateral cephalometry is
commonly used in clinical practice because of its
relative simplicity, accessibility, low cost, and minimal
radiation, providing substantial insight to the pathology
of OSA.35 Patients with OSA mostly have a posteriorly
displaced mandible, a narrow posterior airway space,
an enlarged tongue and soft palate, and an inferiorly
positioned hyoid bone.18

The majority of patients with OSA display obstruction
of the respiratory tract caused by the displacement of
the soft tissues during sleep and pose a greater risk for
the narrowing of the upper airway.36 Schwab et al.37

suggested that examination of the soft tissue structures
surrounding the upper airway can lead to an under-
standing of the airway changes and stated that the
pharyngeal walls, soft palate, and tongue should be
considered as important structures in determining the
airway dimensions.

The anatomical abnormality of hard tissue structures
is also related to the presence of OSA. As suggested
by Watanabe et al.5 and Riley et al.,38 maxillary and
mandibular malformations are likely to have direct
etiological roles in OSA, reducing the airway.

Abramson et al.39 stated that OSA was associated
with an increase in airway length and a narrowing of
the dimensions. There are also other factors that could
be used the identify the presence of upper airway
obstruction in OSA patients, such as oropharyngeal
compliance, nasopharyngeal size, and the relation
between the soft palate and length and the upper
airway dimensions.40

CONCLUSION

� Small upper airway size may be the specific
determinant of obstructive sleep apnea in relation

Table 2. Descriptive Statistics and Intergroup Differences of the Palatal Morphology, Palatal Volume, and Pharyngeal Structuresa

OSA Group (n ¼ 25) Control Group (n ¼ 25)

Variables Mean SD Mean SD Difference P

Intercanine width, mm 33.01 1.36 33.68 0.78 0.67 NS

Intermolar width, mm 52.35 0.82 53.79 0.95 1.44 ***

Palatal volume, mm3 6755.63 103.85 7254.67 88.74 499.04 ***

Soft palate area, mm2 248.89 22.27 231.24 18.79 17.65 **

Nasopharyngeal area, mm2 318.89 18.68 379.79 12.36 10.96 ***

Oropharyngeal area, mm2 601.98 12.63 667.56 11.85 25.58 ***

a OSA indicates obstructive sleep apnea; SD, standard deviation.
NS: Not significant, *p,0.05, **p,0.01, ***p,0.001.
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to smaller palatal volume when compared with a
healthy population.

� A negative correlation between the palatal volume
and soft palate area in OSA indicates that the
interaction between the hard and soft tissues of the
palate when breathing is restricted.
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