Online-Only Supplementary Materials

Supplementary Table 1. Tongue stabilizing device characteristics and treatment outcomes of the study population.

	Characteristics
	Long-term TSD users 
(N = 6)
	Stopped using TSD/ Lost follow up 
(N = 15)

	TSD size
	Small
	0
	2

	
	Medium
	2
	6

	
	Large
	4
	7

	TSD accessory
	0 mm
	5
	14

	
	4 mm
	1
	1

	
	7 mm
	0
	0

	Treatment outcome
 after 2-months
 (based on HST)
	Complete Success
	2
	6

	
	Partial Success
	3
	5

	
	Failure
	1
	4

	TSD: Tongue stabilizing device; Long-term TSD users: Those who used TSD for 30 months; Stopped using TSD/ Lost follow-up: Those who discontinued TSD therapy before 30-month follow-up; HST: Home sleep test; Treatment outcome was defined as “Complete Success” when a resolution of symptoms and the respiratory event index (REI) was less than 5 with TSD; “Partial Success” when an improvement in symptoms (ESS < 10) and at least 50% reduction in REI, but where REI remained more than 5 events/h; and “Treatment Failure” when ongoing symptoms (ESS > 10) and/or reduction in REI less than 50%; 0 mm: Using only the device with no accessory; 4 mm: Using the device with 4 mm accessory; 7 mm: Using the device with 7 mm accessory. 
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[bookmark: _Toc34265496]Linear and 3D dental models’ analysis

This section explains how the 16 linear variables and 2 angles were measured, including the following:
· Arch width (6 variables) in [mm], as shown in Supplementary Figure 1:
· Maxillary/mandibular intercanine width: the linear horizontal distance between the canine cusp tips; 
· Maxillary/mandibular interpremolar width: the linear horizontal distance between the permanent second premolar nonfunctional cusp tips (i.e., the buccal cusp on maxillary models and lingual cusp on mandibular models); and
· Maxillary/mandibular intermolar width: the linear horizontal distance between the permanent first-molar nonfunctional cusp tips (mesiobuccal [MB] cusp on maxillary models and mesiolingual [ML] cusp on mandibular models);

· Arch length (6 variables) in [mm], as shown in Supplementary Figure 1:
· Maxillary/mandibular anterior arch length: the linear perpendicular distance from the midpoint between the central incisors to the axis connecting the canine cusp tips;
· Maxillary/mandibular molar vertical distance: the linear perpendicular distance from the midpoint between the central incisors to the axis connecting the mesio-nonfunctional cusp tips of the first molars (MB cusp tips on the maxillary models and ML cusp tips on the mandibular models);
· Maxillary/mandibular total arch length: the linear perpendicular distance from the midpoint between the central incisors to the axis connecting the mesio-nonfunctional cusp tips of the most posterior molars (MB cusp tips on maxillary models and ML cusp tips on mandibular models); and

· Maxillary/mandibular overlap reference curve (ORC) (2 variables) in [mm] [1]: the length of the curve beginning at the distobuccal (DB) cusp of the most posterior right molar and traversing buccal cusp tips to end on the DB cusp of the most posterior left molar, as shown in Supplementary Figure 2;
· Depth of curve of Spee (right side/left side) (2 variables) in [mm] [1]: the vertical distance between the occlusal plane and the deepest point on the curve of Spee on the sagittal plane. This curve starts at the DB cusp tips of the most posterior mandibular molar and passes through mandibular buccal cusp tips, ending at the mandibular canine cusp tip on the same side, as shown in Supplementary Figure 3; and
· Occlusal plane changes (right side/left side) in [degrees] [2]. After the superimposition of the mandibular T1 and T2 models, the angular difference between both occlusal planes was projected and calculated on the sagittal plane. The occlusal plane was defined as the plane connecting 3 points, including the midpoint between the mandibular central incisors and the DB cusp tip of the most posterior molar on each side of the mandibular model. The anterior reference of the sagittal plane was defined as the midpoint between the central incisors, with the posterior reference defined as the midpoint between the mesio-nonfunctional cusp tips of the most posterior molar, as shown in Supplementary Figure 4.
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Participant #1
A 48-year-old male was using a medium-sized TSD with no accessory and continuous positive airway pressure (CPAP) on alternate days. He self-reported TSD use of 3 nights/week and was in TSD therapy for 34.1 months. The patient’s tooth #27 was eliminated from the analysis because it created a slight distortion on the T2 cast. Supplementary Figure 5 demonstrates the 3D changes of this patient’s superimposed study models, where first molars were used as a reference, with T1 and T2 models depicted as gray and red, respectively. The occlusal view of the superimposed models demonstrated multiple rotated maxillary anterior teeth and tooth #16, in addition to slight over-eruption of maxillary left canine and premolar. The mandibular T2 model was found to have expanded, as measured by increases in all mandibular arch width variables, ranging from 0.11 mm to 0.48 mm, as well as an increase in all mandibular arch length variables, ranging from 0.22 mm to 0.43 mm. In addition, a small relief can be observed in the lower anterior crowding, with the incisors moved forward. The ORC length was increased in the maxillary and mandibular T2 models by 0.51 mm, 0.32 mm, respectively, and the occlusal plane of the mandibular T2 model had changed in the sagittal plane by 1.45º and 1.1º on the right and left sides, respectively. The depth of the curve of Spee was stable in T2 models compared to T1 models. With the aid of the CloudCompare software, the average cloud-to-mesh signed distances between T1 and T2 models were revealed as 0.12 ± 0.14 mm in maxillary teeth and 0.17 ± 0.21 mm in the mandibular teeth.

[bookmark: _Toc34265506]Participant #2
A 63-year-old male patient used a medium-sized TSD with no additional accessory for 32.9 months, with self-reported use of 7 nights/week. Supplementary Figure 6 depicts the measured 3D changes of the superimposed study models, where first molars were used as a reference, with T1 and T2 models depicted as gray and red, respectively. In the maxillary T2 model, the occlusal view of superimposed models demonstrated slight over-eruption of maxillary incisors and maxillary first premolars. Additionally, the mandibular T2 anterior arch was found to have shrunk, as measured by a decrease in the intracanine variable by 0.41 mm. The depth of the curve of Spee became deeper by 0.25 mm on the right side and shallower by 0.64 mm on the left. The ORC length was increased in the maxillary and mandibular T2 models by 0.62 mm and 1.18 mm, respectively, and the occlusal plane of the mandibular T2 model was changed in the sagittal plane by 0.56º and 0.21º, respectively, on the right and left sides. With the aid of the CloudCompare software, the average cloud-to-mesh signed distances between T1 and T2 models was 0.36 ± 0.31 mm in maxillary teeth and 0.25 ± 0.22 mm in the mandibular teeth.

[bookmark: _Toc34265507]Participant #3
A 63-year-old male patient was using a large-sized TSD with a 4-mm accessory for 25.1 months, with self-reported use of 7 nights/week. Figure 4 (in the main manuscript) depicts the measured 3D changes of the superimposed study models, with first molars used as a reference. The frontal view of the superimposed models demonstrated protrusion of the maxillary and mandibular incisors, with a small over-eruption of the mandibular premolars observed. Moreover, slight expansions in maxillary and mandibular intercanine widths of 0.46 mm and 0.45 mm, respectively, were observed. The depth of the curve of Spee on the right side became deeper by 0.13 mm. In addition, the ORC length also changed in the maxillary and mandibular T2 models by 0.16 mm and -0.22 mm, respectively, and the occlusal plane of the mandibular T2 model was changed in the sagittal plane by 2.03º and 1.83º on the right and left side, respectively. Using the CloudCompare software, the average cloud-to-mesh signed distances between T1 and T2 models were calculated as 0.16 ± 0.15 mm in maxillary teeth and 0.28 ± 0.25 mm in the mandibular teeth.

[bookmark: _Toc34265508]Participant #4
A 66-year-old male patient used a large-sized TSD with no additional accessory for 26.8 months, with self-reported use of 7 nights/week. Supplementary Figure 7 illustrates the 3D changes observed, with first molars used as a reference in maxillary models and second premolars in mandibular models. It was found that the first molars had over-erupted in the mandibular T2 model. Moreover, the occlusal view of superimposed models demonstrated slight over-eruption of the maxillary and mandibular molars. Additionally, the frontal view of superimposed models showed protrusion of the maxillary incisors and the mandibular left incisors. A small expansion of 0.31 mm was found in the mandibular intermolar width. The depth of the curve of Spee became shallower by 1.35 mm on the left side. The ORC length changed in the maxillary and mandibular T2 models by -0.23 mm and 0.55 mm, respectively, and the occlusal plane of the mandibular T2 model was changed in the sagittal plane by 0.17º and 1.4º on the right and left side, respectively. Using the CloudCompare software, the average cloud-to-mesh signed distances between the T1 and T2 models were calculated as 0.18 ± 0.16 mm in the maxillary teeth and 0.26 ± 0.24 mm in the mandibular teeth.
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Supplementary Figure Legends
[bookmark: _Ref29408710][bookmark: _Toc34265610]Supplementary Figure 1. Arch width measures (A, B, C) and arch length (D, E, F); A) maxillary intermolar width; B) maxillary interpremolar width; C) maxillary intercanine width; D) maxillary anterior arch length, E) maxillary molar vertical distance; and F) maxillary total arch length. Note: The landmarks were enlarged for illustrative purposes.
Supplementary Figure 2. Overlap reference curve (ORC) of a maxillary model. Note: The landmarks were enlarged for illustrative purposes.
[bookmark: _Ref29410132][bookmark: _Toc34265611][bookmark: _Ref29410398][bookmark: _Toc34265612]Supplementary Figure 3. Depiction of the method used for measuring the depth of curve of Spee. Note: The landmarks were enlarged for illustrative purposes.
Supplementary Figure 4. Depiction of the method used to measure occlusal plane change of T2 model from T1 model. Note: The landmarks were enlarged for illustrative purposes.
Supplementary Figure 5. 3D models of Participant #1: a. overlapped T1 and T2 models (T2 casts are in red); b. comparison of the color scale distance (mm) between T1 and T2 models.
Supplementary Figure 6. 3D models of Participant #2: a. overlapped T1 and T2 models (T2 casts are in red); b. comparison of the color scale distance (mm) between T1 and T2 models.
Supplementary Figure 7. 3D models of Participant #4: a. displaying overlapped T1 and T2 models (T2 casts are red); b. displaying the comparison of the color scale distance in (mm) between T1 and T2 models.
[bookmark: _GoBack]Supplementary Figure 8. The tongue stabilizing device (TSD) containing a layer of white spots at 30-month follow-up. Note: The dark background was removed.
