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Abstract
Background  This study is to evaluate and compare the improvement of upper airway morphology and hyoid bone 
position in children with Class II mandibular retrusion treated with Invisalign mandibular advancement (MA) and 
Twin-Block (TB) appliances, utilizing cone beam computed tomography (CBCT).

Methods  32 children aged between 8 and 11.5 years old were included in this study, with an average age of 10.2 
years old. These children were divided into two groups, MA and TB, with 16 children in each group. Changes in upper 
airway morphology and hyoid bone position before and after treatment were analyzed using CBCT.

Results  (1) Changes in upper airway before and after treatment: the oropharynx volume (Or-V), the oropharynx 
minimum cross-sectional area (Or-mCSA), the hypopharynx volume (Hy-V), and the hypopharynx minimum 
cross-sectional area (Hy-mCSA) in both the MA and TB groups increased after treatment, and the differences were 
statistically significant (P < 0.05) compared to pre-treatment status. (2) Changes in hyoid bone position before and 
after treatment: The distances between H point and third cervical vertebra (H-C3), H point and pogonion (H-RGN), H 
point and mandibular plane (H-MP), H point and Frankfort horizontal plane (H-FH), H and S point (H-S), and H point 
and palatal plane (H-PP) in both the MA and TB groups increased after treatment, and the differences were statistically 
significant (P < 0.05).

Conclusion  Both MA and TB appliances effectively improved the structural narrowness of the upper airway and 
reduced respiratory resistance, thus improving breath quality. However, MA showed more effectiveness in improving 
the narrowest part of the hypopharynx compared to TB. Both appliances also promoted anterior downward 
movement of the hyoid bone, which opens the upper airway of the oropharynx and hypopharynx and helps the 
upper airway morphology return to normal range.
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Background
Skeletal Class II malocclusion is a type of dentofacial 
deformity characterized by a deficiency of the man-
dible, or prognathism of the maxilla, or the concurrent 
presence of both features [1]. The abnormal growth and 
position of the maxilla and mandible will lead to abnor-
malities of both craniofacial morphology and upper air-
way morphology. The abnormality of the upper airway 
morphology will in turn affect the growth and develop-
ment of the craniofacial tissue [2, 3]. Therefore, it is cru-
cial to include the upper airway morphology into clinical 
analysis and treatment strategy during early correction of 
skeletal Class II.

The hyoid bone is a small, unique bone in the human 
body that is located freely between the chin and neck, 
while not connected to any other bones. There is a com-
plex relationship among growth and development abnor-
malities of the maxilla and mandible, position changes of 
the hyoid bone, and morphology alterations of the upper 
airway. Currently, there are many studies focusing on this 
area [4–7]. Changes in the sagittal and vertical dimen-
sions and positions of the mandible will affect the posi-
tion of the hyoid bone. Retrusion of the mandible can 
cause posterior displacement of the hyoid bone, while 
clockwise rotation of the mandible can lead to inferior-
posterior displacement of the hyoid bone [4].

It has been proved by previous studies that upper air-
way narrowing is the most crucial factor in obstructive 
sleep apnea (OSA), which has long-term adverse effect 
on more than 2% of the children [8, 9]. Therefore, a 
detailed assessment of the upper airway and hyoid bone 
is essential for routine orthodontic planning and treat-
ment outcome assessment of this type of malocclusion.

Twin-block (TB) is an extensively used functional 
appliance. The appliance is mainly applied to skeletal ret-
rognathia growing patients. It was proved to be an effec-
tive treatment in improving the morphology of the upper 
airway and the position of the hyoid bone in children and 
adolescents with mandibular retrusion [10]. Invisalign 
mandibular advancement (MA) is a novel functional 
invisible appliance primarily used for skeletal Class II 
growing patients with mandibular retrusion. Although 
the working principle of MA is similar to that of Twin-
block appliance, it is not exactly the same [11].

Most previous studies assessed alterations in the upper 
airway through cephalometric radiography. However, 
this method restricts the accuracy of upper airway mea-
surements as it only depicts anteroposterior changes 
within the sagittal plane, lacking a full-scale view of the 
upper airway [12]. Hence, it is imperative to establish a 

three-dimensional (3D) evaluation of the upper airway in 
growing patients undergoing MA and TB treatment.

In this study, we used Dolphin Imaging 11.9 software 
and cone beam computed tomography (CBCT) data to 
reconstruct a 3D model of the upper airway to evalu-
ate the volume and the minimum cross-sectional area 
(mCSA) of each segment of the upper airway. Addition-
ally, we utilized lateral cephalometric radiographs to 
evaluate the changes in the position of the hyoid bone.

The aim of this study is to investigate the changes in 
upper airway and hyoid bone position before and after 
MA and TB treatment in patients with skeletal Class II 
malocclusion [13, 14]. Additionally, we compared the 
effectiveness of these two treatment methods to provide 
guidance for clinical practitioners. This study elucidated 
the relationship between orthodontic correction of den-
tal malocclusions and the upper airway morphology as 
well as the hyoid bone position. Currently, there is limited 
research on the impact of MA on the upper airway and 
hyoid bone to theoretically support clinical treatment.

Materials and methods
Subject
Thirty-two children (15 boys and 17 girls, with age range 
8-11.5 years, and with an average age of 10.2 ± 0.84 years) 
were selected from the Orthodontic Department of the 
Affiliated Stomatological Hospital of Kunming Medical 
University between February 2019 and February 2022.

The following detailed inclusion criteria were utilized 
for all patients [15, 16]:

1)	 Mixed dentition or early permanent dentition, 
crowding < 4 mm, the canines and molars have a 
distal relationship, deep overbite: I°-III°, deep overjet: 
I°-III°.

2)	 Skeletal Class II (ANB angle > 4°), normal maxilla 
(78.8° ≤ SNA angle ≤ 85.8°), mandibular retrognathia 
(SNB ≤ 77.6°).

3)	 Growth patterns were hypodivergent or normal (20° 
≤ FH-MP angle ≤ 32°).

4)	 Cervical vertebral maturation stage between CS2 and 
CS3 [17].

5)	 Normal adenoid size (nasopharynx posterior airway 
width ≥ 10mm), and no obvious space-occupying 
lesions in the upper airway.

Patients information in each group was summarized as 
follows: (1) The MA group comprised 16 patients (7 boys 
and 9 girls, mean age 10.02 ± 0.99 years) diagnosed with 
skeletal Class II malocclusion, mandibular retrognathia. 
These patients had completed MA treatment and were 
selected for the MA group. (2) The TB group included 16 
patients (8 boys and 8 girls, mean age 10.38 ± 0.68 years) 
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diagnosed with skeletal Class II malocclusion, mandibu-
lar retrognathia. These patients had completed TB treat-
ment and were well-matched with the patients in the MA 
group in terms of age, gender, and growth pattern. They 
were selected for the TB group.

No significant difference was noted between the 2 
groups regarding sex and age (Table 1).

Methods
MA group: The data of the patients were uploaded to 
the Invisalign design website for the treatment plan and 
aligners manufacture. The patients were instructed to 
wear the aligners for at least 22 hours a day, which can 

be removed for eating and brushing teeth. They were also 
instructed to replace the aligners every week. Follow-up 
appointments were scheduled every 4–6 weeks (Fig. 1).

TB group: The mandible was advanced at least 5–7 mm 
in the sagittal direction and opened 3–5 mm between the 
upper and lower canines. The bite records and working 
models were sent to the dental lab for TB fabrication. Fol-
low-up appointments were scheduled every 4–6 weeks 
for monitoring, and the occlusal splints are adjusted by 
1–2 mm at each visit (Fig. 2).

The treatment duration for the MA group was 
11.45 ± 1.1 months, while for the TB group, it was 
12.11 ± 1.3 months. At the end of the treatment, all 
patients exhibited Class I molar relationship, and had 
normal overjet and overbite of anterior tooth. Two cases 
from each group and presented their data including pho-
tos and 3D CBCT images of the upper airway volume in 
the supplementary materials (Additional file 1, sFig 1–4).

Image acquisition
All image data were acquired by the same CBCT scanner 
(NewTom VGi, QR Verona, Italy), with all the patients 

Table 1  Characteristics of the sample
Group MA group TB group p value
Sex (n) 0.723*
  Female 9 8
  Male 7 8
Age, y (mean ± SD) 10.02 ± 0.99 10.38 ± 0.68 0.130†

SD, Standard deviation

*Pearson chi-square test; †matched t-test

Fig. 2  Patient of TB group with TB appliance in the mouth

 

Fig. 1  Patient of MA group with MA appliance in the mouth
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maintain an upright sitting position, a natural head pos-
ture, a resting position of the tongue and a maximum 
intercuspation without swallowing. In both groups, the 
pre-assessment was conducted within two weeks prior to 
treatment initiation, while the post-assessment was per-
formed immediately after treatment completion. CBCT 
datasets are exported in DICOM (Digital Imaging and 
Communications in Medicine) format.

Image analysis
All DICOM data were imported into Dolphin Imag-
ing 11.9 software (Chatsworth, California, USA) to 
establish a three-dimensional upper airway model. The 
images were first reoriented to have Frankfort horizon-
tal plane (FH) parallel to the ground. The Sinus/Airway 
Measurement Function was then used to reconstruct a 
three-dimensional model of the upper airway, which was 
divided into three parts: nasopharynx (Na, pharyngeal 
apex plane to posterior nasal spine plane), oropharynx 
(Or, posterior nasal spine plane to epiglottic apex plane) 
and hypopharynx (Hy, epiglottic apical plane to epiglot-
tic basal plane). After the airway was reconstructed, the 

volume (V) and the minimum cross-sectional area of 
each segment were automatically calculated by Dolphin 
3D (Fig. 3) [18, 19].

The study utilized lateral cephalograms acquired 
through the Build X-ray Function to evaluate changes 
in the position of the hyoid bone. The definitions of 
landmarks and measurement variables are detailed in 
Tables 2, 3 and Fig. 4. The measurements were performed 
by the same researcher and were repeated three times to 
ensure accuracy, with the average measurement value 
used in our analysis.

Results
Changes in the upper airway before and after treatment 
with MA and TB
After treatment, both the MA and TB groups showed a 
statistically significant increase in the oropharynx vol-
ume (Or-V), oropharynx minimum cross-sectional area 
(Or-mCSA), hypopharynx volume (Hy-V), and hypo-
pharynx minimum cross-sectional area (Hy-mCSA) 
(P < 0.05), while the changes in the nasopharynx volume 
(Na-V) and minimum cross-sectional area (Na-mCSA) 

Table 2  Hyoid bone position measurement landmarks
Abbreviation Definition
S (sella) Centre of the sella turcica; the centre of the pituitary fossa of the sphenoid bone
P (porion) The most superior point of the external auditory meatus
O (orbitale) The most inferior point of the orbit
PNS (posterior nasal spine) The most posterior point of the hard palate
ANS (anterior nasal spine) The apex of the anterior nasal spine
RGN (retrognation) The most posterior point of the symphysis
Me (menton) The most inferior point on the bony chin
C3 (third cervical vertebra) The most anterior and inferior point of the third cervical vertebra
H (hyoid) The most anterior and superior point of the hyoid bone
Go (gonion) The most posteroinferior point on the angle of the mandible

Fig. 3  A 3D model of the upper airway was reconstructed and divided into three regions using two planes perpendicular to the sagittal plane. The planes 
were defined using two landmarks: the posterior nasal spine (PNS) and the superior border of the epiglottis (SE). The nasopharynx (Na), oropharynx (Or) 
and hypopharynx (Hy) were reconstructed separately to facilitate the analysis of upper airway morphology
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Table 3  Dolphin Imaging Measurement Variables
Abbreviation Full name Definition
V (mm3) Volume The volume of each region of the upper airway (nasopharynx, oro-

pharynx and hypopharynx)
mCSA (mm2) Minimum cross-sectional area The minimum cross-sectional area of each region of the upper airway
H-FH (mm) Hyoid bone to Frankfort horizontal plane The perpendicular distance from H to Frankfort horizontal plane
H-MP (mm) Hyoid bone to mandibular plane Perpendicular distance from H to mandibular plane
H-S (mm) Hyoid bone to sella Distance between H and sella
H-PP (mm) Hyoid bone to palatal plane The perpendicular distance from H to the palatal plane
H-RGN (mm) Hyoid bone to retrognation Distance between H and RGN
H-C3 (mm) Hyoid bone to the third cervical vertebra Distance between H and C3

Fig. 4  Hyoid bone linear measurements: 1 H-FH (mm), distance from H to Frankfort horizontal plane; 2 H-MP (mm), distance from H to mandibular plane; 
3 H-S (mm), distance between H and S; 4 H-PP (mm), distance from H to the palatal plane; 5 H-RGN (mm), distance between H and RGN; 6 H-C3 (mm), 
distance between H and C3
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were not statistically significant (P > 0.05) (Tables  4 and 
5). These results suggest that MA and TB treatment led 
to a significant enlargement of the oropharynx and hypo-
pharynx airway segments with increased volume, how-
ever, no significant effect on the nasopharynx segment.

Changes in hyoid bone position before and after treatment 
with MA and TB
After treatment, the distances between the hyoid bone 
and the third cervical vertebra (H-C3), retrognation 
(H-RGN), the mandibular plane (H-MP), Frankfort hori-
zontal plane (H-FH), centre of the sella turcica (H-S), and 
palatal plane (H-PP) all increased significantly in both the 
MA and TB groups (P < 0.05) (Tables 6 and 7). This sug-
gests that the hyoid bone position in patients treated with 
both MA and TB moved forward and downward.

Comparison of upper airway changes between MA group 
and TB group before and after treatment
There were no statistically significant differences in 
the changes of the nasopharynx volume (Na-V), naso-
pharynx minimum cross-sectional area (Na-mCSA), 
oropharynx volume (Or-V), oropharynx minimum cross-
sectional area (Or-mCSA) and hypopharynx volume (Hy-
V) between MA group and TB group before and after 
treatment (P < 0.05), but there was a significant difference 
in the changes of the hypopharynx minimum cross-sec-
tional area (Hy-mCSA) between the two groups before 
and after treatment (P < 0.05) (Table  8), suggesting that 
MA is more effective than TB in dilating the upper air-
way hypopharynx obstruction site.

Table 4  Morphological changes of upper airway before and after treatment in MA group
Variables MA group (n = 16) t P

Before After Δ (After - Before)
Mean SD Mean SD Mean SD

Na-V (mm3) 5547.16 2036.33 6159.76 2720.44 612.6 1420.48 1.725 0.105
Na-mCSA (mm2) 300.79 93.66 303.19 98.03 2.4 40.16 0.239 0.814
Or-V (mm3) 10925.48 3034.04 12617.37 3605.87 1691.89 1574.67 4.298 0.001**
Or-mCSA (mm2) 227.03 59.95 277.23 129.07 50.19 89.81 2.236 0.041*
Hy-V (mm3) 3470.14 1008.6 4304.57 1464.94 834.42 762.79 0.001** 0.000**
Hy-mCSA (mm2) 230.4 62.01 273.7 70.44 43.3 39.02 4.439 0.000**
* p < 0.05 ** p < 0.01

Table 5  Comparison of upper airway morphology before and after treatment in TB group
Variables TB group (n = 16) t P

Before After Δ (After - Before)
Mean SD Mean SD Mean SD

Na-V (mm3) 4344.84 2851.07 4709.44 3832.21 364.60 1019.93 -1.430 0.173
Na-mCSA (mm2) 208.05 110.29 214.84 97.75 6.79 17.00 -1.597 0.131
Or-V (mm3) 6903.13 1686.72 9097.69 746.34 2194.56 1437.15 -6.108 0.000**
Or-mCSA (mm2) 122.29 33.42 176.19 77.93 53.90 56.41 -3.822 0.002**
Hy-V (mm3) 1973.96 345.18 2681.71 389.41 707.75 613.99 -4.611 0.000**
Hy-mCSA (mm2) 150.65 29.98 163.94 42.92 13.29 15.68 -3.391 0.004**
* p < 0.05 ** p < 0.01

Table 6  Comparison of hyoid bone position before and after treatment in MA group
Variables MA group (n = 16) t p

Before After Δ (After - Before)
Mean SD Mean SD Mean SD

H-C3 (mm) 35.94 5.23 37.69 4.05 1.75 2.77 2.528 0.023*
H-RGN (mm) 39.00 5.14 42.69 8.20 3.69 4.33 3.405 0.004**
H-MP (mm) 19.31 5.38 26.00 7.11 6.69 4.91 5.449 0.000**
H-FH (mm) 82.63 8.62 93.19 9.83 10.56 2.92 14.467 0.000**
H-S (mm) 104.44 10.30 110.38 8.57 5.94 6.29 3.778 0.002**
H-PP (mm) 61.38 5.74 67.94 9.29 6.56 7.04 3.727 0.002**
* p < 0.05 ** p < 0.01
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Comparison of hyoid bone position changes between MA 
group and TB group before and after treatment
There were no statistically significant differences 
(P > 0.05) in the changes of the distance between the 
hyoid bone and various reference points before and after 
treatment, including the third cervical vertebra (H-C3), 
retrognation (H-RGN), mandibular plane (H-MP), 
Frankfort horizontal plane (H-FH), centre of the sella 
turcica (H-S), and palatal plane (H-PP) between the MA 
and TB groups (Table 9). This suggests that the two appli-
ances had no significant difference in their effect on the 
position of the hyoid bone.

Discussion
Changes in upper airway morphology
The volume and minimum cross-sectional area of the 
upper airway in the oropharynx and hypopharynx signifi-
cantly increased (P < 0.05) after treatment with MA and 

TB in patients with skeletal Class II mandibular retru-
sion. This suggests that the upper airway expanded sig-
nificantly in the oropharynx and hypopharynx after the 
mandible was guided forward. These results are consis-
tent with previous studies [20]. The possible reasons are 
as follows: First, the forward movement of the mandible 
in the spatial position causes the suprahyoid and extrin-
sic tongue muscles attached to the mandible to extend 
forward, pulling and driving the tongue body, hyoid 
bone, and soft tissues of the front wall of the orophar-
ynx and hypopharynx to move forward. This movement 
expands the upper airway of the larynx, greatly reduc-
ing the compression of the uvula. Consequently, the 
palatopharyngeal segment behind the uvula becomes 
more unobstructed [21]. Second, the forward move-
ment of the mandible also expands the oral cavity space, 
increasing the tongue’s range of motion. As the mandible 
moves forward, the tongue repositions forward, and the 

Table 7  Comparison of hyoid bone position before and after treatment in TB group
Variables TB group (n = 16) t p

Before After Δ (After - Before)
Mean SD Mean SD Mean SD

H-C3 (mm) 30.44 3.44 33.13 3.98 2.69 2.91 3.688 0.002**
H-RGN (mm) 36.50 5.34 39.50 3.10 3.00 3.48 3.445 0.004**
H-MP (mm) 15.56 3.95 19.44 1.03 3.88 3.70 4.185 0.001**
H-FH (mm) 82.06 4.36 92.94 11.08 10.88 8.29 5.250 0.000**
H-S (mm) 98.94 6.64 105.38 4.32 6.44 5.07 5.076 0.000**
H-PP (mm) 56.94 8.16 61.94 6.51 5.00 5.90 3.390 0.004**
* p < 0.05 ** p < 0.01

Table 8  Intergroup comparison of the effects of MA and TB groups on upper airway morphology
Variables Δ (After - Before) t p

MA group TB group
Mean SD Mean SD

Na-V (mm3) 612.60 1420.48 364.60 1019.93 -0.567 0.575
Na-mCSA (mm2) 2.40 40.16 6.79 17.00 0.402 0.692
Or-V (mm3) 1691.89 1574.67 2194.56 1437.15 0.943 0.353
Or-mCSA (mm2) 50.19 89.81 53.90 56.41 0.140 0.890
Hy-V (mm3) 834.42 762.79 707.75 613.99 -0.517 0.609
Hy-mCSA (mm2) 43.30 39.02 13.29 15.68 -2.855 0.010**
* p < 0.05 ** p < 0.01

Table 9  Comparison of the effects of MA and TB groups on hyoid bone position
Variables Δ (After - Before) t p

MA group TB group
Mean SD Mean SD

H-C3 (mm) 1.75 2.77 2.69 2.91 0.933 0.358
H-RGN (mm) 3.69 4.33 3.00 3.48 -0.495 0.624
H-MP (mm) 6.69 4.91 3.88 3.70 -1.830 0.077
H-FH (mm) 10.56 2.92 10.88 8.29 0.142 0.888
H-S (mm) 5.94 6.29 6.44 5.07 0.248 0.806
H-PP (mm) 6.56 7.04 5.00 5.90 -0.680 0.502
* p < 0.05 ** p < 0.01
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tongue base moves forward to tense the palate and pha-
ryngeal walls. This increased tension reduces the likeli-
hood of collapse of the upper airway of the oropharynx 
during inhalation in sleep, significantly improving the 
quality of ventilation [22]. The changes of nasopharynx 
volume (Na-V) and the nasopharynx minimum cross-
sectional area (Na-mCSA) were not statistically signifi-
cant (P > 0.05). There may be two potential factors could 
limit the upper airway dilatation in the nasopharynx seg-
ment. First, the oropharynx and hypopharynx are not 
surrounded by hard bone tissue, and therefore are more 
susceptible to changes caused by the forward movement 
of the mandible. In contrast, the nasopharynx segment 
is surrounded by hard bony structures, making it less 
susceptible to environmental changes [23]. Second, the 
nasopharynx segment of the upper airway is more closely 
related to the maxilla than the mandible and therefore is 
less affected by changes in mandible position [24].

Changes in hyoid bone position
In this study, all variables related to the hyoid bone exhib-
ited significant increases (P < 0.05). These findings were 
consistent with the previous study by DA COSTA [25]. 
Anteroinferior displacement of the hyoid bone after cor-
rection may have two possible causes. Firstly, the anterior 
displacement of the mandible leads to the anterior dis-
placement of the suprahyoid, extrahyoid, and hyoglos-
sus muscles attached to it. These muscles pull the hyoid 
bone and tongue body forward in the sagittal direction, 
resulting in the expansion of oropharynx tissues around 
the upper airway [26, 27]. Secondly, both MA and TB 
promote the anterior displacement of the mandible, 
but the anterior mandible also rotates clockwise as the 
hyoid bone gradually moves downward with age, caus-
ing the vertical downward movement of the hyoid bone 
[28]. Treatment with either appliance displaced the hyoid 
bone anteriorly and inferiorly, disrupting the balance and 
coordination of the muscle chain of the stomatognathic 
system, shifting the position of the tongue body, increas-
ing the volume of the upper airway, and causing morpho-
logical changes [19, 29].

Comparison of the effects of MA and TB on the upper 
airway
After treatment, there was a significantly greater 
increase in the hypopharynx minimum cross-sectional 
area (Hy-mCSA) in the MA group compared to the TB 
group (P < 0.05), indicating that MA more significantly 
improved the narrowest area of the hypopharynx air-
way than TB. Studies have shown that several specific 
orthodontic treatments for patients with skeletal Class 
II malocclusion, such as extraction orthodontic treat-
ment or orthodontic treatment using implant anchor-
age to intrude the dentition, vertical control by moving 

the occlusal fulcrum forward and reducing the occlusal 
height of posterior teeth, can cause the mandible and 
occlusal plane to rotate counterclockwise to varying 
degrees, thereby increasing the upper airway volume, 
especially in the oropharynx and hypopharynx segments 
[30–32]. MA can intrude the anterior teeth while advanc-
ing the mandible forward and establish occlusion in the 
desired position without extruding the posterior teeth 
[33]. However, TB can not intrude the anterior teeth dur-
ing the treatment and usually requires multiple grinding 
occlusal splints to guide the posterior teeth to extrude 
to establish occlusion [34]. Thus, MA is superior to TB 
in terms of controlling vertical mandibular position 
and producing less clockwise rotation after mandibular 
advancement. This may be the critical factor in signifi-
cantly improving the minimum cross-sectional area of 
the hypopharynx after treatment in the MA group com-
pared to the TB group.

Comparison of the effects of MA and TB on the hyoid bone
The post-treatment changes in all variables related to the 
hyoid bone showed significant increases in both the MA 
and TB groups (P < 0.05). However, there was no statis-
tical difference in the comparison of changes between 
the two groups before and after treatment (P > 0.05), 
indicating that both appliances can effectively promote 
anterior displacement of the hyoid bone and that their 
therapeutic effects are similar. Although there are some 
differences between the two treatment methods in terms 
of their effects on leading the mandible forward, such 
as control of the mandibular plane angle. The differ-
ences in the improvement of the mandible between the 
two groups are not sufficient to cause significant differ-
ences in the position of the hyoid bone, since the hyoid 
bone is primarily connected to the mandible and tongue 
through muscles and ligaments and is affected by muscle 
compensation.

Advantages and disadvantages of MA compared to TB
Under the guidance of MA and TB, the minimum cross-
sectional area and volume of the oropharynx and hypo-
pharynx airways behind the mandible are significantly 
increased, and the hyoid bone is also moved forward 
and downward to avoid narrowing or even collapse and 
obstruction of the upper airway, effectively preventing 
the occurrence of OSA. In addition to its aesthetic and 
comfortable advantages, MA has the following advan-
tages compared with TB: 1. Three-dimensional control 
can be achieved simultaneously. For patients with maloc-
clusion and mandibular retrognathism with deep over-
bite, MA can be used to create spaces for tooth alignment 
through maxillary expansion and molar distalization, 
shortening the course of orthodontic treatment [35]. 2. 
It has a wider range of indications. MA can be used to 
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correct Class II high-angle malocclusion, which is a con-
traindication for traditional functional appliances such as 
TB [36]. 3. MA has a better improvement effect on the 
minimum cross-sectional area of the upper airway in the 
hypopharynx segment than TB, so MA has an advantage 
in relieving hypopharynx airway obstruction. In clinical 
practice, if the narrowest part of the upper airway occurs 
mainly in the hypopharynx segment, MA may be consid-
ered as better option due to its efficacy. However, there 
are some disadvantages and limitations to MA such as its 
price [37].

Limitations
This study utilized upright CBCT data to investigate the 
impact of orthodontic treatment on airway improve-
ment, aiming to demonstrate its potential in reducing 
the risk of OSA. It should be noted that in supine posi-
tion, the narrowing of the upper airway tends to worsen, 
especially in patients with OSA. The influence of body 
position is acknowledged as a limitation of this study, and 
future research is recommended to incorporate supine 
imaging data for a more comprehensive evaluation.

Conclusions
Both MA and TB appliances showed success in improv-
ing the structural narrowness of the upper airway and 
reduced respiratory resistance. However, MA showed 
more effectiveness in improving the narrowest part of 
the hypopharynx compared to TB. Both appliances also 
promoted anterior downward movement of the hyoid 
bone, which opens the upper airway of the oropharynx 
and hypopharynx and helps the upper airway morphol-
ogy return to normal range.
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