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Abstract
Background: The efficacy of mandibular advancement devices
(MAD) in the treatment of obstructive sleep apnea (OSA) varies widely
among patients, and at present it is difficult to predict success. Previous studies have shown a relationship between a gain in pharyngeal
volume with MAD in situ and the success of the treatment. The aim of
this study was to evaluate this change in volume of the upper airway
using cone beam computed tomography (CBCT), measured at a baseline of maximum intercuspation (T0) and at maximum protrusion
(T1) using a George Gauge to simulate a MAD produced protusion,
and investigate whether this change in volume can be used to predict
success with MAD.
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Methods and Findings: 10 individuals with mild/moderate OSA
underwent CBCT at baseline (T0 - maximum intercuspation) and time
1 (T1 - maximum protrusion using a George Gauge for bite registration). All patients then underwent polysomnography before and
after MAD treatment. The total volume, total area and minimal cross
section area of the
 pharynx were then analyzed again by CBCT. The
mean of the protrusive position using a George Gauge at baseline
(12.2mm ± 1.9) was similar to the maximum comfortable position
achieved with MAD (11.6mm ± 2.08). MAD treatment significantly
reduced the Apnea Hypopnea Index (AHI) values (11.7 ± 6.7 to 2.4 ±
3.1) (p=0.01). The retropalatal volume increased significantly between
T0 and T1 (6240mm² ± 2224 to 7720mm² ± 3516) (p=0.04). Changes
in volume measured by CBCT (T1-T0) were positively predictive for
changes in AHI (initial-final) (p = 0.05).
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Conclusion: Variations in CBCT volume of the upper airway, at baseline and using bite registration at maximum comfortable protrusion,
was a predictor for a reduced apnea/hypopnea index after treatment
with MAD.
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Introduction

Methods

Obstructive sleep apnea (OSA) is a respiratory sleep
disorder that produces hypoxemia and sleep fragmentation [1]. Craniofacial alterations in the skeletal
and soft tissue around the pharynx have been associated with OSA [2].
Mandibular advancement device (MAD) treatment
modifies the position of the jaw and consequently
increases the anteroposterior, laterolateral and minimal cross section area of the pharyngeal airway
[3-6].
MAD treatment has good compliance [7], but
its success varies among patients: about 66.7% to
80.6% in mild OSA, and 33.3% to 65.2% in moderate OSA, considering success as when there is
an AHI of >5 [8, 9].
Therefore, studies have tried to find a way to
identify patients who are more indicated to use
MAD [10]. Although variables such as AHI, body
mass index (BMI) and age have been suggested as
factors that can predict success, clinical prediction is
still uncertain [11]. Thus, the aim of this study was to
evaluate the change in volume of the upper airway
using cone beam computed tomography (CBCT),
measured at a baseline of maximum intercuspation (T0) and at maximum comfortable protrusion
(T1), using a George Gauge for bite registration to
simulate the effect of MAD treatment, to try to
predict whether differences in the change in this
volume could be used to predict the success of the
treatment.

10 patients with mild to moderate OSA attending the ambulatory dental clinic of the Associação
de Fundo de Investimento à Pesquisa (AFIP) were
selected.
The inclusion criteria were: an AHI between 5 and
30, male or female, BMI ≤ 35Kg/m2, aged 18 to
65 years and a protrusion larger or equal to 7mm.
Exclusion criteria were: active periodontal disease,
extensive caries, insufficient teeth, predominantly
central apneas, use of psychoactive drugs, clinical
disease, and other sleep disorders.
All patients signed an informed consent and the
protocol was approved by the Ethics Committee of
the Universidade Federal de São Paulo (UNIFESP).
Volunteers completed baseline orthodontic documentation consisting of cone beam computed tomography (CBCT), cast models and frontal, profile
and intraoral photographs.
All patients underwent a dental impression and
bite registrations with the George Gauge®. The bite
registration recorded with the George Gauge at the
50% position of maximum mandibular advancement was used for the MAD construction. Another
bite registration with the George Gauge on maximum comfortable protrusion was used to perform
the CBCT, simulating the final MAD protrusion. All
volunteers underwent CBCT at baseline (T0) (at
maximum intercuspation) and with bite registration
with the George gauge at maximum comfortable
protrusion (T1).
The MAD used was the Brazilian Dental Appliance (BRD) [12], and the progressive mandibular ad-
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vancement made by percentage until the maximum
comfortable protrusion (final position) was reached.
Before and after treatment, all patients underwent
polysomnography.

Polysomnography
The full-night polysomnography (PSG) was done at
AFIP’s Sleep Institute using a digital polysomnograph (Embla N7000, Embla Systems, Inc., Broomfield,
CO, USA). Breathing was monitored with nasal
cannula and thermistor, respiratory effort was evaluated by inductance plethysmography in the chest
and abdomen. For sleep staging, respiratory events
(recommended rule), arousals and periodic leg movements the American Academy of Sleep Medicine
(AASM) criteria were used [13].

CBCT
All volunteers were positioned seated with the
Frankfurt plane parallel to the ground and the
mid-sagittal plane perpendicular to the ground.
The images were obtained using i-CAT® equipment
(Imaging Sciences International, Hatfield, PA, USA).
The field-of-view (FOV) was 22 cm, voxel 0.4 mm,
peak kilovoltage (KVP) = 120, exposure time of 30
seconds, without use of a chin cup, but the head
was fixed with a brace in the forehead region. The
CBCT included the glabella and the entire 4th cervical vertebra. Volunteers were asked not to swallow
or move during the examination. They were also
requested to remove any jewelry or metal objects
and any intraoral prosthesis from the oral cavity.
The exam included the upper airway, including the
nasal cavity, nasopharynx, oral cavity, oropharynx
and laryngopharyngeal airway. The radiation dose
was 104.5 mSv (micro Sieverts) in line with the
ICRP (International Commission on Radiological
Protection) protocol of 2005. The software Dolphin
Imaging® 3-D (version 11.7, Dolphin Imaging Solutions, Chatsworth, CA) was used to process and
manipulate the volumetric data obtained from the
DICOM file (Digital Imaging and Communications
in Medicine).
© Under License of Creative Commons Attribution 3.0 License
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The total volume, total area and minimal cross
section area of 
the pharynx were analyzed. The
upper limit of the pharynx was defined as the horizontal line H1, the posterior nasal spine (PNS) at the
lower edge of basion point (BA), and the lower limit
H2 as the lower edge of the cervical vertebra C4.
The total volumes of the retropalatal region (between the palatal plane and the lower edge of the
uvula), the retrolingual region (between the lower
edge of the uvula and the upper most edge of the
epiglottis) and the hypopharynx (between the uppermost edge of the epiglottis and the lower edge
of the cervical vertebra C4) were analyzed.

Statistical analysis
The analysis was performed using SPSS software,
version 18, and descriptive analyzes of the data are
presented as mean and standard deviation. Wilcoxon test was used for pre and post treatment evaluation. Univariate linear regression was performed
using AHI variation (between baseline and after
treatment) and the delta of CBCT volume variation
(CBCT taken at maximum protrusion (T1) using the
George Gauge for bite registration and CBCT at a
baseline of maximum intercuspation (T0).

Results
The sample comprised 10 individuals. Ninety percent
of the sample were women, aged 54 ± 7 years with
a BMI of 24.7 ± 3.4 kg/m2. The mean of protrusive
position on the George Gauge at CBCT was similar
to the maximum comfortable position with MAD.
The baseline characteristics are shown in Table 1.
Table 1. Baseline characteristics .
Anthropometry
Sample (n=10)
Gender (men %)#
10%
Age (years)
54 ± 7
BMI (kg/m²)
24.7 ± 3.4
Protrusion on George Gauge (mm)
12.2 ± 1.9
11.6 ± 2.08
Protrusion on MAD (mm)
Mean and standard deviation, #: relative frequency.
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Treatment with MAD changed AHI by 9.3 ± 6.4.
Considering the strict success criteria of a 50%
drop in AHI associated with an AHI ≤ 5, our sample showed an 80% success rate. Table 2 shows
polysomnography characteristics before and after
treatment.
Table 3 shows the baseline CBCT values and CBCT
values on bite registration at maximum comfortable
Table 2. Polysomnography characteristics.
Variables
Before MAD After MAD
p
Sleep latency
14.4 ± 9.4
16.3 ± 16.0
0.88
REM latency
94.7 ± 30.5
77.3 ± 33.6
0.29
Sleep Efficiency
82.31 ± 4.98 83.2 ± 6.38
0.65
N1
9.6 ± 5.7
6.7 ± 3.9
0.20
42.3 ± 8.4
49.9 ± 8.6
0.07
N2
N3
27.8 ± 8.3
24.1 ± 9.5
0.17
REM
20.3 ± 3.9
19.4 ± 3.8
0.51
Arousal index
21.8 ± 8.0
11.1 ± 3.4
0.01
AHI
11.7 ± 6.7
2.4 ± 3.1
0.01
4.4 ± 4.4
0.8 ± 1.1
0.02
Apnea index
Hypopnea index
7.3 ± 4.7
1.6 ± 2.6
0.01
Media saturation
95.2 ± 1.8
95.4 ± 1.7
0.61
87.1 ± 3.7
89.9 ± 3.0
0.04
Lowest saturation
Mean and standard deviation, Wilcoxon test, *: p<0.05.

Table 3. Tomographic characteristics.
Variables

Baseline

Total Volume
13692 ± 4324
(mm3)
Retropalatal
6240 ± 2224
volume (mm3)
Retrolingual
3156 ± 1171
volume (mm3)
Hypopharynx
3938 ± 1646
volume (mm3)
Minimal Cross
98 ± 40
Section (mm2)
Retropalatal area
272 ± 74
(mm2)

Bite
registration

p

14656 ± 138

0.65

7720 ± 3516

0.04

3361 ± 1966

0.58

3399 ± 2479

0.39

94 ± 68

0.29

269 ± 75

0.96

Retrolingual area
152 ± 51
153 ± 73
0.96
(mm2)
Hypopharynx
195 ± 64
152 ± 87
0.17
area (mm2)
Mean and standard deviation, Wilcoxon test, *: p<0.05.
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protrusion. Only retropalatal volume increased significantly between basal CBCT and bite registration
at maximum comfortable protrusion.
There was no correlation between baseline AHI
and baseline total CBCT volume (p = 0.68), and there was no correlation between AHI after MAD and
total CBCT volume with bite registration at maximum comfortable protrusion (p = 0.14). However in
the univariate linear regression, delta CBCT volume
(CBCT volume with bite registration at maximum
comfortable protrusion/CBCT volume at baseline
at maximum intercuspation) was a predictor of
changes in AHI (AHI baseline - AHI with MAD) p =
0.03, with R2 = 0.46, Beta= 0.679, Durbin Watson
= 1.709

Discussion
This is an important study because it is the first to
our knowledge to investigate pharyngeal airway
volume using CBCT with and without bite registration in maximum protrusion as a predictor of
the success of MAD. In our study, individuals with
a higher volume delta (T1-T0) showed a greater
reduction in AHI.
Several studies have demonstrated increased
pharyngeal volume as a result of therapies with
MAD using volumetric imaging [3, 5, 6, 14-20], but
few studies have used this change in the pharynx
(MAD in situ and baseline) as a predictor of success,
or compare these changes in MAD responders and
non-responders.
In respect of these studies, there is controversy
about volume predicting success. Although most
studies have found a relation between changes
in pharynx size after MAD and AHI changes Sam
et al. (2006) found no significant correlation
between changes in AHI and changes in upper
airway variables using computed tomographic in
23 individuals. Sutherland et al. (2011) did not
find any relation between changes in AHI and
changes in airway volume or between responThis article is available at: www.intarchmed.com and www.medbrary.com
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ders and non responders in 18 individuals who
had undergone magnetic resonance imaging.
However, Gao et al. (1999) found a positive association between changes in AHI and increased
upper oropharynx area after MAD in eleven individuals using magnetic resonance imaging. Chan
et al. (2010) showed increases in size in the upper
airway after treatment with MAD only in responders (≥50% reduction in AHI) in 69 individuals
using magnetic resonance imaging. Ogawa et al.
(2015) found responders (≥50% reduction in AHI)
decreased in relation to tongue length with MAD
using magnetic resonance imaging in 68 individuals. Lee et al. (2010) showed retropalatal space increased in the responders, in 76 individuals
using lateral cephalometry.
Our study used CBCT with a bite registration at
maximum comfortable protrusion to try to simulate
a MAD produced protrusion. It is interesting for clinical practice because it can help in the decision to
use MAD treatment or not, and save time and reduce by not carrying out ineffective MAD treatment.
In our study, there was a correlation between an
increase in CBCT volume of the upper airway with
bite registration and a drop in AHI.

Conclusion
The delta of the variation in the volume of the upper
airway measured using CBCT between baseline at
maximum intercuspation and at maximum comfortable protrusion, using a George Gauge to simulate
the effect of MAD treatment, was a predictor for a
greater decrease in apnea/hypopnea index.

Limitations
Ours work have some limitations as the number of
cases was small and they were milder cases.
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