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TSD are used less commonly, and investigations into their 
efficacy remain limited.4-8 Tongue protrusion using these 
devices has been shown to lead to improvements in OSA, 
with demonstrated reductions in AHI, arousal frequency, and 
oxygen desaturation,4,6-8 as well as improvement in daytime 
sleepiness.6,9 TSD has been proposed as a treatment option for 
patients with dental contraindications (hypodontia, edentulism, 
periodontal disease), which preclude the use of MAS.

The aim of oral appliance therapy is to improve upper airway 
patency, thereby preventing pharyngeal collapse during sleep. 
Various imaging techniques have demonstrated increased upper 
airway dimensions with mandible or tongue protrusion.2,10-12 
However, understanding of the exact mechanisms by which oral 
appliances improve OSA remains limited. Magnetic resonance 
imaging (MRI) is the modality of choice for 3-dimensional 
analyses of the upper airway and surrounding soft tissue 
structures.13,14 We have recently used MRI in the largest and 
most detailed assessment to date of the effects of MAS on upper 
airway structure.15 However, there are few studies examining 
the effects of TSD on upper airway structure and no data about 
the commercially available TSD.

The different modes of action of these appliances (mandible 
versus tongue protrusion) are likely to differentially influence 
upper airway caliber and shape and surrounding soft tissues. 
There have been no direct comparisons of the anatomical 
effects of these oral appliances. Assessment of upper airway 

INTRODUCTION
Oral appliances offer an effective alternative to continuous 

positive airway pressure (CPAP) in the treatment of obstructive 
sleep apnea (OSA).1 Oral appliances can be categorized into 
two design types; the mandibular advancement splint (MAS) 
and the tongue stabilizing device (TSD). MAS devices attach 
to the dental arches and mechanically protrude the mandible, 
whereas TSDs consist of a preformed bulb, which holds and 
protrudes the tongue using suction.

MAS are the most common type of oral appliance, and 
mounting evidence supports their use for the treatment of 
OSA.2 The clinical practice parameters of the American 
Academy of Sleep Medicine currently recommend the use of 
MAS for the treatment of mild to moderate OSA, and for 
severe OSA when patients refuse or are unable to tolerate 
CPAP.3
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pixels below a patient-specific threshold intensity for air 
(black).25 Airway volumetric information, as well as cross-
sectional area (CSA) and anteroposterior (A-P) and lateral (L) 
diameters were obtained. Airway shape was calculated by the 
A-P:L ratio where a ratio of 1.0 represents a circle, while values 
< or > 1.0 indicate an elliptical shape oriented with the long axis 
in the coronal or sagittal plane, respectively.26

Parapharyngeal fat pads, soft palate, tongue (genioglossus 
and base of tongue muscles) and lateral pharyngeal wall 
(retropalatal and retroglossal) were segmented on axial slices 
(Figure 1B), and reconstructions were used to obtain volumes 
and assess tissue movements. To assess movement x, y, z 
coordinates of the centroid (a point analogous to the centre 
of mass of an object) of each tissue structure were obtained, 
and the magnitude and direction of centroid movement with 
mandibular and tongue advancement determined (Figure 1C).

Cephalometric landmarks were identified on mid-sagittal 
images. Sella-nasion-A (SNA) angle, sella-nasion-B (SNB) 
angle, A-nasion-B (ANB) angle, basion-sella-nasion (BaSN) 
angle, and anterior nasal spine to gnathion distance (ANS-Gn, 
to measure lower anterior facial height) were obtained. Hyoid 
to C3 vertebra (H-C3), hyoid to posterior nasal spine (H-PNS), 
and hyoid to gnathion (H-Gn) distances were used to evaluate 
hyoid position (Figure 1D).

Polysomnography
All patients underwent polysomnography to determine 

treatment outcome with MAS. A subset of 18 patients additionally 
underwent polysomnography with TSD as part of a randomized 
controlled trial comparing the efficacy of the 2 oral appliances.6 
Findings pertaining to TSD and MAS treatment response are 
described in this 18-patient subgroup. Polysomnography was 
scored in accordance with standard criteria.15,27-29

Treatment Outcome
Treatment outcome was based on definitions previously 

described.16,18,20 In keeping with our previous imaging study,15 
“responders” were defined by ≥ 50% AHI reduction and “non-
responders” by < 50% AHI reduction.

Statistical Analysis
Statistical analyses were performed using statistical software 

package SPSS (version 16.0 for Windows; SPSS, Inc., Chica-
go, IL). Descriptive statistics for patient clinical characteristics 
and MRI parameters are presented as mean ± standard devia-
tion (SD) and means ± standard error of the mean (SEM), re-
spectively. Continuous variables between conditions (baseline, 
MAS, TSD) were compared using repeated-measures ANOVA. 
If the F-statistic indicated a significant difference, paired t-tests 
comparing the 3 conditions were performed with a Bonferroni 
adjusted α level of 0.05/3 (0.017) (Holm procedure) for each 
comparison. In cases of non-normally distributed data, a non-
parametric test was used (Wilcoxon rank-sum). Differences be-
tween treatment responders and non-responders were assessed 
by Student’s t-test. Relationships between anthropometric, 
polysomnographic and airway measurements were assessed 
with Pearson correlation coefficient, or Spearman correlation 
coefficient if data were not normally distributed. Statistical sig-
nificance was accepted at P < 0.05.

structures with MAS and TSD could provide insights into their 
respective sites and mechanisms of action. This study aimed to 
assess and compare the effects of two oral appliances on upper 
airway structure.

METHODS

Subjects
Patients with OSA were prospectively recruited from a sleep 

disorders clinic in a university teaching hospital for treatment 
with a customized MAS. The study was approved by the 
institutional ethics committee, and written informed consent 
was obtained from all patients. Inclusion criteria required a 
minimum of 2 OSA symptoms (snoring, witnessed apneas, 
fragmented sleep, and daytime sleepiness) plus confirmation 
of OSA by polysomnography (apnea-hypopnea index [AHI] 
≥ 10 events/h). Patients were excluded if they had periodontal 
disease, insufficient number of teeth, or an exaggerated gag 
reflex (contraindications to MAS use).

Oral Appliances
The MAS provided to patients was a custom-made 2-piece 

appliance (SomnoDent MAS; SomnoMed Ltd, Crows 
Nest, Australia) with previously published design features 
and efficacy.16-21 To enable wear during MRI, the standard 
adjustable screw mechanism of this appliance was replaced 
with a modifiable acrylic coupling mechanism.15 The TSD was 
a preformed silicon appliance (Aveo-TSD, Innovative Health 
Technologies, New Zealand).6 The flanges of the TSD

are placed outside the lips while the tongue is inserted into 
the bulb. The bulb is squeezed and released to generate suction 
until the tongue is retained without excessive discomfort. There 
was no method to standardize the suction pressure of the TSD; 
however, each patient adjusted the appliance to their own 
comfort level.

Magnetic Resonance Imaging of the Upper Airway
Magnetic resonance imaging was performed with a Philips 

INTERA 1.5T MRI scanner (Philips Electronics, Netherlands) 
while patients were awake, supine, and positioned with the 
Frankfort plane perpendicular to horizontal as previously 
described.15 Scans of each patient were acquired without and 
with each of the appliances in a randomized order. Contiguous 
T1-weighted spin-echo images were acquired through the mid-
sagittal plane (1.25 mm thickness, 50 slices, 272 × 512 matrix) 
and axial plane (3 mm thickness, 50 slices, 224 × 12 matrix).

Anatomic Definitions, Measurements and Analysis
MRI data were assessed by the segmentation of upper 

airway lumen and soft tissue structures and identification of 
cephalometric landmarks. MR images were processed with 
image analysis software (Amira 4.1; Visage Imaging Inc., 
Carlsbad, CA) using previously described and validated 
techniques.15,22-24 Upper airway regions were defined as follows: 
velopharynx (hard palate to tip of uvula), oropharynx (tip of 
uvula to tip of epiglottis), and hypopharynx (tip of epiglottis to 
vocal cords) (Figure 1A). The airway lumen was segmented on 
axial image slices using a region-growing tool of the software, 
which marks a boundary around a seed point encapsulating 
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(8.9 ± 0.2 cm) with both MAS (8.6 ± 0.2 cm; P < 0.001) and 
TSD (8.7 ± 0.2 cm; P < 0.02). The effects of MAS and TSD 
on airway CSA are shown in Figure 3. Both oral appliances 
increased mean CSA of the total upper airway, but TSD did so 
to a significantly greater extent. There were regional differences 
in the effects of both appliances (Figure 3). Lateral and A-P 
dimensions as well as A-P:L ratio are shown in Figure 4. Both 
appliances had the greatest effect on velopharyngeal lateral di-
ameter. However, TSD had a larger effect on lateral diameter 
and additionally increased A-P diameter. Despite this TSD and 
MAS similarly influenced velopharyngeal shape to be more el-
liptical with a lateral long axis. This is represented schemati-
cally in Figure 4B.

TSD changes in oropharyngeal A-P diameter (r = −0.32, 
P < 0.05), oropharyngeal minimum CSA (r = −0.36, P < 0.05), 
and hypopharyngeal volume (r = −0.33, P < 0.05) were inversely 

RESULTS

Clinical Characteristics
Thirty-nine OSA patients underwent upper airway imaging 

with both the MAS and TSD. The clinical characteristics of these 
patients are shown in Table 1. Characteristics of the subgroup 
of 18 patients who completed overnight polysomnography with 
TSD did not significantly differ from those who did not.

Comparison of Effects of MAS and TSD on Upper Airway Structure

Airway variables
Airway volume changes with MAS and TSD are shown in 

Table 2. Volumetric reconstructions of the upper airway from 
a single patient are shown in Figure 2. There was a small but 
significant decrease in upper airway length from baseline 

Figure 1—Image analysis. (A) Mid-sagittal MRI demonstrating upper airway regions. (B) Representative axial MRI illustrating segmentation of upper airway 
structures; airway lumen (blue), soft palate (purple), tongue (red), parapharyngeal fat pads (yellow), and lateral pharyngeal walls (green). (C) Volumetric 
reconstructions of upper airway soft tissues showing the principle of calculation of magnitude and direction (x, y, z) of centroid movement. (D) Cephalometric 
linear and angular measurements of maxilla, mandible and hyoid position and anterior facial height. S, sella; N, nasion; ANS, anterior nasal spine; PNS, 
posterior nasal spine; A, A point; B, B point; Gn, gnathion; H, hyoid; C3, C3 vertebra.
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displacement of the fat pads was significantly greater with TSD 
than MAS (0.44 ± 0.05 vs. 0.12 ± 0.03 cm; P < 0.001). MAS 
resulted in slight posterior displacement of the soft palate (0.06 
± 0.03 cm), but TSD produced anterior (0.12 ± 0.03 cm) and 
superior (0.19 ± 0.04) movement.

TSD moved the tongue further forward than MAS (0.68 ± 
0.04 vs. 0.06 ± 0.04 cm; P < 0.001). The tongue also moved 
superiorly with TSD (0.11 ± 0.05 cm) but inferiorly with MAS 
(0.11 ± 0.06 cm; P < 0.01). Muscles at the base of the tongue 
shifted forward with MAS (0.35 ± 0.04 cm; P < 0.001).

Velopharyngeal lateral pharyngeal walls moved laterally 
with MAS (0.14 ± 0.02 cm) and TSD (0.17 ± 0.02 cm). Ante-
rior (0.14 ± 0.02 cm; P < 0.001) and superior (0.2 ± 0.05 cm; 
P < 0.001) movement also occurred with TSD. The oropharyn-
geal pharyngeal walls moved more superiorly with TSD (0.32 
± 0.05 vs. 0.11 ± 0.05 cm; P < 0.001). The relative movements 
of upper airway soft tissue centroids are illustrated in Figure 5.

Cephalometric analyses
Cephalometric measurements are shown in Table 3. SNB an-

gle showed an increase with MAS and decrease with TSD. TSD 
increased lower face height (ANS-Gn) to a greater extent than 
MAS. Both appliances decreased H-PNS distance, but TSD ad-
ditionally decreased H-C3 and H-Gn distances.

Upper Airway Structure and Treatment Outcome
In the subset of 18 patients with treatment outcome data, 10 

patients were TSD responders and 8 non-responders. Respond-
ers and non-responders did not differ in terms of age (46.2 ± 
11.7 vs. 49.5 ± 11.3 years), BMI (26.3 ± 4.8 vs. 30.5 ± 5.4 kg/
m2), or neck circumference (38.7 ± 4.8 vs. 41.9 ± 4.1 cm), but 
baseline AHI did differ (34.8 ± 21.1 vs. 16.9 ± 4.5 events/h; P < 
0.05). There were no differences between responders and non-
responders in baseline upper airway structure (data not shown). 
However differences were observed in changes in velopharyn-
geal measurements. Responders showed a greater increase in 
A-P diameter (+0.2 ± 0.08 vs. –0.08 ± 0.06 cm; P < 0.02), mini-
mum CSA (+0.44 ± 0.2 vs. –0.12 ± 0.1 cm2; P < 0.05), mean 
CSA (+0.75 ± 0.2 vs. +0.02 ± 0.2 cm2; P < 0.01), and volume 
(+2.65 ± 0.9 vs. –0.44 ± 0.8 cm3; P < 0.05).

Of these 18 patients, 12 were MAS responders and 6 non-
responders. There were no differences in age (47.5 ± 11.8 vs. 
48.1 ± 11.5 years), BMI (27.0 ± 4.4 vs. 30.5 ± 6.7 kg/m2), neck 
circumference (40.0 ± 3.9 vs. 41.3 ± 5.5 cm), or baseline AHI 
(30.6 ± 20.7 vs. 19.2 ± 8.2 events/h) between MAS response 

related to BMI. Similarly, changes in A-P diameter (r = −0.455, 
P < 0.01), lateral diameter (r = −0.331, P < 0.05), and minimum 
CSA (r = −0.468, P < 0.01) showed inverse relationships with 
neck circumference. There were no relationships between MAS 
airway changes and BMI or neck circumference.

Soft tissue centroid movements
Overall centroid movements were relatively small; however, 

different patterns were observed. Both appliances resulted in 
lateral movement of the parapharyngeal fat pads away from the 
airway (MAS 0.28 ± 0.03 cm, TSD 0.23 ± 0.03 cm). Superior 

Figure 2—Volumetric reconstructions of the upper airway at baseline and 
with MAS and TSD in a single OSA patient. Corresponding mid-sagittal 
magnetic resonance images are shown.

15.9 cm3 22.8 cm3 25.1 cm3

Baseline MAS TSD

Table 1—Patient characteristics

n = 39 n = 18
Gender (% male) 64 70
Age (years) 50 ± 10.7 47.7 ± 11.3
BMI (kg/m2) 29.2 ± 5.5 27.7 ± 5.1
Neck circumference (cm) 39.3 ± 4.2 39.3 ± 4.2
Baseline AHI (events/h) 26.9 ± 17.1 26.8 ± 18.1
Baseline AHI range (events/h) 10.3 – 75.7 10.3 – 75.7
AHI with MAS (events/h) 12.0 ± 12.6 12.0 ± 9.6
AHI with TSD (events/h) N/A 11.0 ± 9.1
Mandibular advancement 
(% of maximum)

75.4 ± 14.1 75.6 ± 12.6

Characteristics are shown for the patient sample as a whole (n = 39) 
and for the subset of these patients who had efficacy data for both oral 
appliances (n = 18). Mean values ± standard deviation. TSD, tongue 
stabilizing device; BMI, body mass index; AHI, apnea hypopnea index.

Table 2—Upper airway volume at baseline and with MAS and TSD 
(n = 39)

Baseline MAS TSD
Total airway (cm3) 13.8 ± 1.0 14.3 ± 1.1 17.14 ± 1.6*#

Velopharynx (cm3) 5.1 ± 0.4 5.4 ± 0.5 6.4 ± 0.7*#

Oropharynx (cm3) 2.9 ± 0.3 3.1 ± 0.3 3.3 ± 0.3
Hypopharynx (cm3) 5.7 ± 0.5 5.8 ± 0.5 6.4 ± 0.6

Mean values ± standard error of mean. *P < 0.05 vs. baseline; #P < 0.05 
MAS vs. TSD. MAS, mandibular advancement splint; TSD, tongue 
stabilizing device.
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groups. Baseline or chang-
es in upper airway struc-
ture did not differ between 
MAS responders and non-
responders. There was 
no linear relationship be-
tween changes in AHI and 
airway volume with ei-
ther appliance (Figure 6). 
Cephalometric measure-
ments or changes and soft 
tissue centroid movements 
did not differ between 
treatment responders and 
non-responders for either 
appliance. In particular, 
it did not appear that dif-
ferences in the degree of 
mouth opening, as as-
sessed by the cephalo-
metric measure ANS-Gn, 
induced by the 2 applianc-
es had an impact on treat-
ment outcome.

A cross-tabulation 
of these 18 patients by 
MAS and TSD response 
are shown in Table 4. Of 
these patients, 77.7% had 
the same category of re-
sponse (responder or non-
responder) with either 
appliance. There was no 
correlation between total 
airway or velopharyn-
geal volume changes be-
tween the two appliances 
(r = 0.01, P = 0.96). How-
ever, changes in oropha-
ryngeal volume appear to 
show some consistency be-
tween the two appliances 
(r = 0.71, P = 0.001).

DISCUSSION
This is the first study 

to compare the effects 
of two oral appliances, 
MAS and TSD, on upper 
airway structure using 
MRI. Clinically MAS 
are more widely used 
and investigated, while 
TSD have received less 
attention, and their role 
in OSA treatment remains 
uncertain. Our results 
indicate that both MAS 
and TSD increase upper 

Figure 3—Upper airway cross-sectional area at baseline and with MAS and TSD. (A) Total upper airway. (B) Velopharynx. 
(C) Oropharynx. (D) Hypopharynx. *P < 0.05 vs. baseline, #P < 0.05 MAS vs. TSD.
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to mandible protrusion, which is in accordance with the 
findings of the current study using oral appliances. The greater 
effects of TSD on upper airway structure may be a result of this 
appliance mechanically producing more anterior movement of 
the tongue. This action of protruding the tongue outside the oral 
cavity may cause greater displacement of other tissues. The 
level of mandibular advancement achieved with MAS averaged 
6 millimeters, and therefore effects on upper airway structures 
may be more subtle.

This comparative imaging study suggests both appliances 
primarily improve upper airway caliber in the velopharynx. The 
velopharynx is the most common site of primary pharyngeal 
collapse in OSA.31,32 Increased velopharyngeal lateral diameter 
appears to be the main effect of MAS on the upper airway.12,15 
This is likely a consequence of stretching soft tissue connections 
between the tongue, soft palate, and lateral pharyngeal walls 

airway dimensions but that there are differences in their effects 
on upper airway structure. Overall TSD have a greater effect on 
upper airway size than MAS.

Previous imaging studies of tongue protrusion are limited. 
A nasopharyngoscopic investigation of voluntary tongue 
and mandible protrusion30 reported a greater increase in 
velopharyngeal and oropharyngeal CSA with tongue compared 

Figure 5—Schematic representation of soft tissue centroid movements with MAS and TSD. Larger and bolder arrows represent significantly greater centroid 
movements with each appliance.
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Table 4—Cross-tabulation showing treatment response with MAS and 
TSD (n = 18)

MAS outcome TSD Total
TSD outcome Responder Non-responder

Responder 9 1 10
Non-responder 3 5 8

MAS Total 12 6 18

Table 3—Cephalometric measurements at baseline and with MAS and 
TSD (n = 39) 

Baseline MAS TSD
SNA (°) 82.9 ± 0.8 83.4 ± 0.7 83.3 ± 0.8
SNB (°) 79.8 ± 0.8 82.0 ± 0.8* 76.2 ± 0.8*#

ANB (°) 3.0 ± 0.8 1.4 ± 0.7* 7.1 ± 0.7*#

ANS-Gn (cm) 6.9 ± 0.1 7.6 ± 0.1* 8.7 ± 0.1*#

H-C3 (cm) 3.8 ± 0.1 3.8 ± 0.1 3.7 ± 0.1*#

H-PNS (cm) 7.4 ± 0.1 7.1 ± 0.1* 7.2 ± 0.1*
H-Gn (cm) 4.6 ± 0.1 4.7 ± 0.1 4.2 ± 0.1*#

Mean values ± standard error of mean. *P < 0.01 vs. baseline; #P < 0.01 
MAS vs. TSD. SNA, sella-nasion-A point; SNB, sella-nasion-B point; 
ANB, A point-nasion-B point; ANS-Gn, anterior nasal spine to gnathion 
distance; H-C3, hyoid to C3 vertebra distance; H-PNS, hyoid to posterior 
nasal spine distance; H-Gn, hyoid to gnathion distance.
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no baseline characteristics related to TSD treatment response. 
However, there appears to be some relationship between 
BMI and neck circumference and the effect of TSD on upper 
airway size, with smaller body measures indicative of a greater 
improvement in measures of airway caliber. Larger body 
measures may be indicative of excess soft tissue surrounding 
the upper airway, which cannot be easily displaced to effectively 
increase upper airway size with TSD.

We have previously demonstrated that MAS and TSD 
similarly improve AHI.6 However MAS is effective in a greater 
proportion of patients and is additionally associated with 
greater symptomatic improvement, compliance, and patient 
preference. This may relate to issues with wearing the TSD, 
such as discomfort and involuntary removal during sleep, which 
result in reduced usage time. Therefore although TSD appears to 
have more favorable effects on upper airway caliber than MAS, 
practical issues may circumvent these positive effects. However, 
for patients who are able to tolerate TSD or are not suitable for 
MAS treatment, this study demonstrates highly favorable effects 
of this device on upper airway structure. Although TSD are 
not commonly used in clinical practice, a role for this type of 
appliance has previously been proposed for patients in whom 
MAS is contraindicated, such as those with insufficient teeth to 
retain the appliance or those with periodontal disease. Patients 
in this study had to be suitable candidates for MAS therapy, and 
therefore all patients had enough teeth to use MAS. How airway 
structural changes and efficacy with TSD are affected by issues 
such as edentulism would need to be addressed by future studies.

through the palatopharyngeal and palatoglossal arches.10,33 
Although TSD increases airway A-P diameter via forward 
displacement of the tongue, traction on these intra-pharyngeal 
connections via the tongue base may additionally increase the 
lateral dimension. The primarily lateral airway increase with 
both appliances and subsequent shape change to an ellipse in 
this orientation may favor reduced collapsibility. These data 
are consistent with respiratory-related changes in the airway 
that occur primarily in the lateral rather than A-P direction, 
suggesting more compliant lateral walls.25,34

A significant reduction in upper airway length was noted 
with both appliances. However, as mean length change was less 
than image slice thickness, this airway length change requires 
further investigation. Nonetheless, pharyngeal length has been 
shown to increase in OSA patients when supine,35 and reduction 
in pharyngeal length with oral appliances may represent a 
potential mechanism of action. Superior movement of the hyoid 
bone towards the posterior nasal spine was also associated 
with both appliances. An inferiorly positioned hyoid bone is a 
cephalometric variable commonly associated with OSA.36,37 It 
is unclear whether the inferiorly positioned hyoid is a cause or 
result of OSA; however, it appears that oral appliances have a 
corrective effect on hyoid position.

We have previously shown differences in the effects of MAS 
related to treatment outcome with improved airway caliber only 
evident in responders (although in the patient subset analyzed 
in this study these differences were not significant).15,29 In 
this study we were able to demonstrate significant increases 
in velopharyngeal airway dimensions with TSD in treatment 
responders only, suggesting efficacy is related to improved 
airway caliber. However, there is no direct linear relationship 
between changes in airway structure and improvement in total 
AHI with either appliance. This is not completely surprising 
and may relate to issues with night-to-night variability in AHI 
and sleep positions, and the relationship between upper airway 
size and OSA severity itself is unlikely to be linear.

In this sample, ~77% of patients showed an equivalent 
treatment response with both appliances suggesting that some 
patients may characteristically respond to either form of oral 
appliance. We did identify a moderate correlation between 
the changes in oropharyngeal volume produced with both 
appliances. Previous studies have found that site of pharyngeal 
collapse is a significant determinant of treatment outcome, with 
patients who have primary oropharyngeal collapse more likely 
to respond to treatment.38,39 In the current study, oropharyngeal 
improvements were similar with both appliances and may 
explain why TSD (which improved velopharyngeal dimensions 
significantly more than MAS) was not more efficacious. 
Nevertheless, although structural characteristics are likely to be 
relevant, neuromuscular factors may additionally be important. 
Indeed a normalizing effect of TSD on the time lag between 
peak inspiratory genioglossus muscle activity and maximum 
inspiratory effort during apneic events has been demonstrated40 
and is dependent on active retention of the tongue in the bulb.

The “holy grail” in terms of oral appliance treatment is the 
ability to predict which patients will respond to treatment. In 
our previous MRI study with MAS there were no baseline 
upper airway structures that allowed discrimination between 
responders and non-responders. Similarly, this study revealed 

Figure 6—Changes in total airway volume and AHI with oral appliance 
treatment. (A) MAS. (B) TSD. There was no significant relationship 
between airway size and treatment efficacy with either appliance. N = 18.
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There are some limitations to this study. The MAS used 
was modified by removing the screw mechanism in order to 
permit imaging, and this appears to have resulted in lesser 
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therefore, degree of tongue protrusion may not have been 
consistent between the sleep study and image acquisition. 
However, this only affects results related to treatment outcome. 
Moreover, the use of TSD in this manner reflects the intended 
use by the manufacturer as the appliance is commercially 
available. Relating our supine imaging findings to treatment 
outcome based on total AHI may not be completely applicable. 
Airway shape, in both OSA patients and healthy controls, 
changes from an ellipse while supine to more circular in the 
lateral recumbent position.41 What effect posture has on airway 
dimensions with oral appliances has not been investigated. It 
is possible that effects on airway dimensions and efficacy may 
differ with body position; however, both appliances reduce 
supine and non-supine AHI.6 Although we employed a novel 
method to examine soft tissue movements by measuring 
displacement of the structure’s centroid, this is likely to be 
an oversimplification, which neglects morphological changes 
that require more complex analysis methods. Nonetheless this 
method was able to detect differences in soft tissue movements 
between MAS and TSD, giving insight into the differential 
structural effects of these oral appliances.

In conclusion both MAS and TSD increase upper airway 
dimensions and move surrounding soft tissues; however, the 
magnitude and pattern of changes differ between appliances. 
Further research evaluating whether these changes or the site 
of change within the airway can be used to predict treatment 
outcome is warranted.
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