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Abstract
Twin-block appliance had been advocated as a potential treatment option in paediatric obstructive sleep apnoea (OSA) due to their 
favourable effect in enhancing upper airway parameters and improving OSA symptoms. The aim of this study was to evaluate the 
effect of twin-block appliance therapy on upper airway parameters/dimensions and the apnoea-hypopnea indexes (AHIs) in OSA 
children with class II mandibular retrognathic skeletal malocclusion using cone-beam computed tomography. This prospective 
longitudinal study comprised 34 polysomnography-proven OSA growing children with class II mandibular retrognathic skeletal 
malocclusion between the ages of 8 and 12 years who had completed myofunctional twin-block therapy and matched corresponding 
controls. The upper airway was segmented into the nasopharynx, oropharynx, and hypopharynx, and the effect of twin-bock treat-
ment on upper airway parameters/dimensions was assessed pre- and posttreatment using CBCT analysis, while a second standard 
overnight PSG was performed to determine changes in the AHI. At the nasopharynx level, minimal (nonsignificant) increases 
in all variables were observed within the twin-block group and between the groups (P > 0.05). At the level of the oropharynx, all 
variables increased significantly in the treatment group and between groups (P < 0.001), but these increases were nonsignificant 
in the control group. At the level of the hypopharynx, only the minimum cross-sectional area (MCA) increased significantly in 
the treatment group (P = 0.003). The change in MCA was also significant between the groups (P = 0.041). In addition, the upper 
airway length increased significantly in the twin-block group (P = 0.0154), and the AHI decreased by 74.8% (P < 0.001).

Conclusion: Correction of class II mandibular retrognathic skeletal malocclusion with twin-block appliance resulted in 
a significant increase in upper airway volume, MCA, anteroposterior and lateral distances of the MCA at the level of the 
oropharynx, MCA at the level of the hypopharynx and upper airway length, and a significant decrease in AHI, but it had 
no effect on nasopharynx parameters.

What is Known:
• CBCT imaging has been shown to be an effective and precise diagnostic tool for analyzing the upper airways and craniofacial structures.
• Twin block appliance may be an effective treatment modality in children with OSA.
What is New:
• Minimal cross-sectional area of upper ways may be the most relevant potential parameter when explaining how the upper airway anatomy 

plays role of in the pathogenesis of pediatric OSA.
• Twin block appliance induced favorable changes in upper airway morphology (oropharynx area mainly) and respiratory parameters in OSA 

children with class II malocclusion.

Keywords Obstructive sleep apnoea · Class II malocclusion · Upper airway · Twin block

Introduction

Sleep disturbances can burden normal development dur-
ing childhood. Children who are sleep deprived often dem-
onstrate daytime fatigue, restlessness, hyperactivity, and 
poor schooling performance [1, 2]. In severe cases, sleep 
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pathology carries devastating health consequences, result-
ing in hypertension, heart diseases, insulin resistance, and 
other metabolic disturbances [3, 4]. Sleep breathing disorders 
(SDBs) have a very large scale of symptoms, from plain, pri-
mary snoring, which might be harmless, to obstructive sleep 
apnoea (OSA), a condition related to snoring with nighttime 
repetitive airway patency disruptions that can potentially lead 
to life-threatening complications in the paediatric population. 
Increased risks of upper airway obstruction have been linked 
to obesity and fat tissue infiltration, hypertrophy of adenoton-
sillar tissues, and some craniofacial features that increase 
the incidence of airway collapsibility [5]. Being unaware of 
OSA and its potential complications in children may result 
in delayed diagnosis and unnecessary morbidity. Therefore, 
early diagnosis and interceptive treatment of children exhibit-
ing signs and symptoms of OSA should be encouraged.

Paediatric OSA is associated with anatomic discrepan-
cies of the upper airway that reduce the cross-sectional 
area and thus increase upper airway resistance. These dis-
crepancies include adenotonsillar hypertrophy, restricted 
transverse maxillary dimensions, and retrognathic mandi-
bles [6]. Orthodontic treatment is emerging as a potential 
modality for paediatric OSA. It has been hypothesized that 
mandibular advancement via orthodontic functional appli-
ances may increase pharyngeal calibre size and limit the 
propensity for upper airway collapse [7, 8]. The twin-block 
appliance is an orthodontic oral appliance that advances the 
mandible and/or tongue with variable degrees of downwards 
mandibular rotation. The appliance rapidly and functionally 
corrects malocclusion by transmitting favourable occlusal 
forces to occlusal inclined planes that cover the posterior 
teeth (Fig. 1). This twin-block device was advocated as a 
potential oral appliance to treat children with OSA through 
mandibular advancement and improving pharyngeal airway 
dimensions [7].

In the past, lateral cephalograms were the most com-
monly used two-dimensional (2D) imaging modalities for 

evaluating airways. However, a 2D representation of three-
dimensional (3D) craniofacial structures has serious diag-
nostic limitations due to image distortion, various magni-
fications, and superimposition of bilateral structures [9, 
10]. Furthermore, lateral cephalograms cannot reveal upper 
airway changes in the transverse dimension [11]. Recent 
advances in cone-beam computed tomography (CBCT) of 
the craniofacial complex coupled with the greatly reduced 
radiation dose and high-resolution images have yielded more 
accurate diagnostic assessments of volumetric regions and 
cross-sectional areas. Axial sections of 3D CBCT scanning 
volumes enhance the visibility of soft tissue points that are 
derived from the projection of shaded areas when compared 
with 2D radiographs, thereby improving airway assessment. 
However, CBCT images have certain limitations regarding 
OSA diagnosis; they provide no information on neuromus-
cular tone, collapsing tendency, or actual function of the air-
way. CBCT scans are taken at a fixed point in time with the 
patient in the upright position during wakefulness. There-
fore, patterns of obstruction or decreased cross-sectional 
area detected on these images may not actually reflect the 
dynamic upper airway anatomy during the sleep state. In 
contrast, 3D imaging of the upper airways may be used for 
monitoring or treatment considerations [12]. The aim of this 
study was to evaluate the effect of twin-block appliance ther-
apy on upper airway parameters/dimensions in OSA children 
with class II mandibular retrognathic skeletal malocclusion 
using cone-beam computed tomography.

Materials and methods

This prospective longitudinal study was approved by the 
Research and Ethics Committee of the Health Campus at 
Universiti Sains Malaysia (approval number: Malaysia SM/
JEPeM/20060315). The study was conducted in accordance 
with the Declaration of Helsinki, and all the procedures 
being performed were part of routine care. Informed con-
sent was obtained from the participants and/or their parents 
prior to the assessment, and explanatory letters explaining 
the study were provided. Using PS software, a minimum 
sample size of 34 subjects in each group was required to 
detect airway differences between both groups at a level of 
significance of 0.05 and power of 80%. For this purpose, a 
standard deviation of lower-pharyngeal airway volume of 
1104.04  mm3 from a previous publication was used [13]. 
Subjects enrolled in this study were growing children in 
the age range of 8 to 12 years prior to their peak pubertal 
growth spurt with cervical vertebrae maturation of stage 2 
or 3. The study group comprised polysomnography-proven 
OSA children (apnoea-hypopnea index (AHI) > 1.0/h), while 
controls had negative PSG tests (AHI < 1.0/h). Both groups 
had similar selection criteria: class II skeletal malocclusion Fig. 1  Twin-block appliance
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associated with normal maxilla (SNA, 79° to 84°) and man-
dibular retrusion (SNB ≤ 76°). The Frankfort mandibular 
plane angle (FMA) was in the range of 20° to 28°, and over-
jet was 6 to 10 mm with minimal crowding or spacing in 
either arch. The study group was treated with a twin-block 
myofunctional appliance, while the control group received 
a phase of prefunctional therapy (sectional, fixed orthodon-
tic appliance) to correct occlusal interferences. The control 
group (class II skeletal malocclusion with retrognathic man-
dible) was matched with the study group in terms of age, 
sex, and body mass index (Table 1). In addition, smoking, 
alcohol, and other medication intake, as possible confound-
ers, were considered during matching. Patients with a previ-
ous history of adenotonsillectomy or orthodontic treatment, 
genetic craniofacial syndromes, and lower respiratory airway 
diseases were excluded from the study.

An individual customized twin block was fabricated for 
each patient. One-step mandibular advancement was per-
formed during wax check-bite recording with an edge-to-
edge incisor relationship and a 3-mm opening between the 
maxillary and mandibular incisors. Single-phase advance-
ment was proposed to maximize the orthopaedic effect of the 
twin-block appliance despite its reduced patient compliance 
and comfort relative to the incremental advancement method 
[14]. A midline expansion screw was incorporated in the 
upper part of the appliance if any crossbite or cusp-to-cusp 
relation of the posterior teeth was noted during bite registra-
tion. Maxillary expansion was performed when needed. The 
patients were instructed to wear the appliance full time even 
during mealtimes when possible to reduce the overjet and 

achieve a class I molar relationship. The bite blocks were 
trimmed to encourage normal vertical development of the 
mandibular buccal segments. To ensure patient adherence 
to treatment, parents were asked to fill out a daily wear time 
assessment booklet. All patients were reviewed monthly for 
9 months. CBCT scanning was performed before appliance 
placement and at the end of treatment for all subjects in both 
groups to determine whether optimal clinical results were 
achieved. In addition, a second standard overnight polysom-
nography was performed for the study group 30 days after 
the end of treatment as a wash-out period to minimize the 
effects of muscle tension.

CBCT imaging

CBCT scans were performed using a Kavo 3DeXam (Kavo, 
Biberach, Germany). The scan covered the area from the 
basis cranii to the fourth cervical vertebra level with the 
following parameters: 120 kV and 5 mA, a voxel size of 
0.4 mm, and a scanning time of 8.9 s. All CBCT scans were 
performed by the same operator following the manufac-
turer’s instructions. Patients were seated comfortably in an 
upright posture while maintaining a natural head with teeth 
at maximum intercuspation. The lips and tongue were in the 
resting position without swallowing during scanning. All 
CBCT datasets were exported and viewed in Digital Imag-
ing and Communications in Medicine (DICOM) format and 
examined using Dolphin imaging and Management Solution, 
version 11.0 (Chatsworth, CA) software, which allows 3D 

Table 1  Demographic features 
of twin-block and control 
groups

BMI body mass Index, Cephalometrics: S sella, N nasion, A points A, B point B, FMA Frankfort mandibu-
lar plane angle, ANS anterior nasal spine, PNS posterior nasal spine, Go gonion, Gn gnathion
P > 0.05

Variable OSA 
N = 34
Mean (SD)

Controls 
N = 34
Mean (SD)

P value

Age (years) 10.29 (1.21) 10.42 (1.35) 0.541
Sex
    Male 29 29
    Female 18 18

BMI (kg/m2) 24.6 (2.7) 23.9 (2.4) 0.412
Overjet (mm) 7.9 (2.3) 8.2 (2.4) 0.320
Tonsil size 2.76 ± 0.97 1.36 ± 0.51 0.009
Mallampati score 2.14 ± 0.89 1.41 ± 0.60 0.034
SNA (°) 81.35 (1.83) 80.92 (1.77) 0.273
SNB (°) 73.77 (1.78) 73.58 (1.84) 0.355
ANB (°) 7.58 (1.63) 7.34 (1.55) 0.436
FMA (°) 25.12 (2.40) 25.48 (2.17) 0.572
Maxillary length (mm) (ANS-PNS) 49.79 (3.88) 50.06 (3.96) 0.097
Mandibular length (mm) (Go-Gn) 96.12 (6.32) 95.67 (5.89) 0.191
AHI (event/hour) 14.9 (5.5) 0.4 (0.3) P < 0.001
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virtual model reconstruction of the upper airways. Anatomi-
cal landmarks were identified (Fig. 2), and the upper airway 
was segmented into three regions—the nasopharynx, oro-
pharynx, and hypopharynx—according to the corresponding 
cross-sectional slices (Fig. 3). Table 2 shows the limits and 
boundaries of each region. The volumes of airway subre-
gions were measured based on variations in the density of 
different tissues using a patient-specific threshold range.

Based on these landmarks and data, the following param-
eters were identified:

1. Airway volume of each region (nasopharynx, orophar-
ynx, hypopharynx)

2. Minimum cross-sectional area (MCA) of each region 
(nasopharynx, oropharynx, hypopharynx) in the axial view

3. Anteroposterior and lateral distances of the smallest 
axial cross-sectional slice of each region

4. Length of the upper airway (vertical distance from the 
tip of the PNS to the inferior border of C2)

Reliability

Two trained observers (the principal investigator and a 
radiologist) independently performed anatomical landmark 
localization and measurements of the upper airways. One 
week later, being blinded to previous patient information 
and results, both observers reassessed the same variables to 
determine intra- and interobserver reliability using intraclass 
correlation coefficients (ICCs).

Statistical analysis

The data in both the twin-block and control groups were 
tested with the Shapiro‒Wilk test, which showed that 
they were normally distributed. Differences pre- and 
posttreatment within the same group were tested with 
paired t tests, while significant changes in each group 
were assessed by unpaired t tests. Multiple comparisons 
between the twin-block and the control groups were per-
formed using Bonferroni correction. To measure the size 
of mean differences between the twin-block and control 
groups, effect size was tested using Cohen’s d formula 
(the difference of the means of two groups divided by 
the weighted pooled standard deviations of these groups).

Results

The ICCs of intra- and interobserver reliability for upper 
airway measurements are shown in Table 3. Both intrao-
bserver and interobserver reliability were excellent 
(ICC = 0.946–0.992), except for the interobserver reli-
ability of the MCA of the nasopharynx and hypopharynx 
(ICC = 0.840 and 0.862, respectively).

The mean daily wear time was 13.43 ± 3.79 h. Treat-
ment with the twin-block appliance caused mandibular pro-
trusion, as SNB increased by 3.28° (P < 0.001) and ANB 
(anteroposterior relationship of the mandible to the max-
illa) decreased by 2.98° (P < 0.001). The FMA increased 

Fig. 2  Anatomical landmarks of upper airway on the cone beam com-
puted tomography (CBCT). 1: PNS, posterior nasal spine; 2: ANS, 
anterior nasal spine; 3: AICV, anterior-inferior aspect of the vertebral 
body of 2nd cervical vertebra (AICV); 4: TUV, tip of the uvula; 5: 
TEP, tip of the epiglottis; 6: BEP, base of epiglottis

Fig. 3  Upper airway segmentation with MIMICS16.0 Software
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by 2.40° (P = 0.021), and the mandibular length increased 
by 2.76 mm (P < 0.001). Table 4 shows the mean upper air-
way parameters, standard deviations, and differences within 

the treatment group (pre- and posttreatment) and between 
both groups (treatment/controls). At the level of the naso-
pharynx, the change (minimal increase) in all variables was 

Table 2  Limits and definitions of upper airway subregions

FH Frankfort horizontal, PNS posterior nasal spine, C2sp superior aspect of the 2nd cervical vertebra, C3ai anterior aspect of the 3rd cervical 
vertebra, C4ai anterior aspect of the 4th cervical vertebra

Limits Definition, boundary

Nasopharynx Anterior Anterior Soft tissue contour represented as a plane perpendicular to FH passing through PNS
Posterior Posterior Soft tissue contour of the pharyngeal wall represented as frontal plane perpendicular to FH passing through 

superior border of C2
Upper Soft tissue contour of the pharyngeal wall represented as a transversal plane parallel to FH passing through the root of 

the clivus
Lower Lower limit of nasopharynx represented as a plane parallel to FH passing through PNS and extended to the posterior 

pharyngeal wall
Lateral Soft tissue contour of the pharyngeal lateral walls represented as a sagittal plane perpendicular to FH passing through 

the lateral walls of the maxillary sinus
Oropharynx

Anterior Anterior soft tissue contour represented as a frontal plane perpendicular to FH passing through PNS
Posterior Soft tissue contour of the pharyngeal wall represented as a frontal plane perpendicular to FH passing through superior 

border of C2
Upper Upper limit of oropharynx represented as a plane parallel to FH passing through PNS and extended to the posterior 

wall of the pharynx
Lower Lower limit of oropharynx represented as a lane parallel to FH plane passing through anterior inferior border of C3
Lateral Soft tissue contour of the pharyngeal lateral walls represented as a sagittal plane perpendicular to FH passing through 

the lateral walls of the maxillary sinus
Hypopharynx Anterior Anterior soft tissue contour represented as a frontal plane perpendicular to FH passing through PNS

Posterior Soft tissue contour of the pharyngeal wall represented as a frontal plane perpendicular to FH passing through superior 
border of C2

Upper Upper limit represented as a plane parallel to FH plane passing through C3ai
Lower Lower limit represented as a plane parallel to FH connecting the base of the epiglottis to anterior inferior border of C4
Lateral Soft tissue contour of the pharyngeal lateral walls represented a sagittal plane perpendicular to FH passing through the 

lateral walls of the maxillary sinus

Table 3  Intra- and interobserver 
reliability

Variable Intraobserver reliability
95%CI

Interobserver reliability 
95%CI

Nasopharynx Observer 1 Observer 1
    Volume 0.962 [0.930, 0.989] 0.970 [0.942, 0.990] 0.945 [0.910, 0.974]
    MCA 0.956 [0.924, 0.979] 0.966 [0.943, 0.987] 0.840 [0.795, 0.900]
    AP MCA 0.982 [0.962, 0.993] 0.976 [0.945, 0.992] 0.950 [0.917, 0.982]
    L MCA 0.990 [0.970, 1.000] 0.964 [0.938, 0.988] 0.938 [0.892, 0.968]

Oropharynx
    Volume 0.980 [0.961, 0.996] 0.963 [0.936, 0.985] 0.959 [0.922, 0.980]
    MCA 0.972 [0.955, 0.990] 0.986 [0.964, 1.000] 0.972 [0.937, 0.991]
    AP MCA 0.960 [0.943, 0.984] 0.979 [0.956, 0.994] 0.938 [0.902, 0.970]
    L MCA 0.968 [0.947, 0.980] 0.958 [0.928, 0.980] 0.962 [0.920, 0.983]

Hypopharynx
    Volume 0.992 [0.971, 1.000] 0.986 [0.961, 1.000] 0.948 [0.915, 0.970]
    MCA 0.965 [0.938, 0.990] 0.974 [0.953, 0.995] 0.862 [0.820, 0.905]
    AP MCA 0.975 [0.952, 0.996] 0.984 [0.960, 1.000] 0.950 [0.918, 0.977]
    L MCA 0.979 [0.956, 0.990] 0.943 [0.917, 0.974] 0.947 [0.921, 0.980]

Upper airway length 0.980 [0.963, 0.994] 0.974 [0.952, 0.990] 0.952 [0.930, 0.979]
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insignificant within the treatment group and between both 
groups (P > 0.05). At the level of the oropharynx, all vari-
ables increased significantly in the twin-block group and 

between both groups (P < 0.05). After treatment, the volume 
increased by 3137  mm3 (P < 0.001), the MCA increased by 
40.47  mm2 (P < 0.001), and the anterior–posterior and lateral 

Table 4  Changes in upper way parameters among treatment and control groups, AHI pre-post

*Significant at P 0.05; **Significant at P 0.01; ***Significant at P 0.001

OSA Control P value Overall
(N = 34) (N = 34) (N = 68)

Nasopharynx
Volume (mm3)
    Mean (SD) 548 (181) 259 (113.9) 0.071 403 (396)
    Median [Min, Max] 456 [141.0, 968] 223 [0, 774] 382 [0, 968]

MCA (mm2)
    Mean (SD) 5.74 (1.78) 4.11 (1.59) 0.064 4.92 (4.27)
    Median [Min, Max] 4.43 [0.410, 4.00] 3.26 [0.490, 5.82] 4.20 [0.41, 5.82]

AP MCA (mm)
    Mean (SD) 0.94 (0.46) 0.44 (0.22) 0.096 0.69 (0.63)
    Median [Min, Max] 0.83 [−0.180, 1.81] 0.250 [−0.13, 0.974] 0.48 [−0.180, 1.81]

L MCA (mm)
    Mean (SD) 1.22 (0.65) 1.13 (0.48) 0.108 1.17 (1.10)
    Median [Min, Max] 1.13 [0.220, 3.51] 0.99 [−0.160, 3.08] 0.96 [−0.160, 3.08]

Oropharynx
    Volume  (mm3)
    Mean (SD) 3137 (994) 523 (245) <0.001*** 1670 (1540)
    Median [Min, Max] 3190 [1790, 4170] 186 [−178, 1120] 1460 [−178, 4170]

MCA  (mm2)
    Mean (SD) 40.47 (12.8) 4.45 (1.86) <0.001*** 22.46 (22.20)
    Median [Min, Max] 41.2 [37.8, 111] 3.70 [0.17, 5.86] 21.8 [0.170, 111]

AP MCA (mm)
    Mean (SD) 3.35 (1.41) 0.59 (0.33) <0.001*** 1.97 (1.83)
    Median [Min, Max] 3.67 [1.19, 10.75] 0.590 [0, 1.21] 1.86 [0, 10.75]

L MCA (mm)
    Mean (SD) 4.26 (1.75) 0.49 (0.26) <0.001*** 2.42 (2.36)
    Median [Min, Max] 5.49 [1.78, 12.41] 0.61 [0.07, 2.11] 2.36 [0.07, 12.41]

Hypopharynx
Volume  (mm3)
    Mean (SD) 496 (182) 331 (135) 0.484 414 (410)
    Median [Min, Max] 446 [−2.00, 714] 324 [−42.0, 1170] 385 [−42.0, 1170]

MCA  (mm2)
    Mean (SD) 19.91 (7.24) 3.86 (1.78) 0.003** 11.89 (11.07)
    Median [Min, Max] 17.95 [9.04, 31.3] 3.63 [−2.54, 6.11] 11.78 [−2.54, 31.3]

AP MCA (mm)
    Mean (SD) 1.46 (0.63) 0.68 (0.30) 0.084 1.07 (1.02)
    Median [Min, Max] 1.39 [−0.110, 5.89] 0.61 [−0.420, 4.83] 1.01 [−0.420, 5.89]

L MCA (mm)
    Mean (SD) 2.21 (0.87) 0.67 (0.29) 0.069 1.44 (1.30)
    Median [Min, Max] 2.01 [−0.07, 6.35] 0.63 [−0.240, 3.21] 1.32 [−0.240, 6.35]

Upper airway length (mm)
    Mean (SD) 6.24 (1.88) 1.50 (0.62) 0.0154* 3.87 (3.69)
    vMedian [Min, Max] 5.06 [1.59, 11.03] 1.28 [−0.240, 2.82] 3.17 [−0.240, 11.03]

AHI (event/hour) 11.2 (4.6) P < 0.001***
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distances of the MCA increased by 3.53 mm (P = 0.027) and 
4.26 mm (P = 0.016), respectively. However, the increase 
pre- and post-follow-up was nonsignificant for all variables 
in the control group. At the level of the hypopharynx, the 
MCA increased significantly in the treatment group by 19.91 
 mm2 (P = 0.003). The change in the MCA was also signifi-
cant between both groups (P = 0.041). After Bonferroni cor-
rection for repeated measures, all parameters at the level of 
the oropharynx, the MCA at the level of the hypopharynx, 
and upper airway length were significantly greater in the 
twin-block group than in the control group (Table 4). Effect 
sizes for the differences between the groups were small or 
medium (0.2–0.5). Only the MCA of the oropharynx and 
hypopharynx demonstrated a large effect size (1.9 and 1.1, 
respectively). At the end of treatment, the AHIs had dropped 
significantly by 11.2 events/hour (P < 0.001).

Discussion

Several reports have advocated the twin-block device as an 
efficient oral appliance for the treatment of children with 
class II skeletal malocclusion with retrognathic mandi-
ble given its noninvasiveness and good tolerability by the 
patients [15, 16]. Clinically, twin-block appliance therapy 
can significantly reduce AHI and snoring time, increase the 
overall oxygen saturation, and improve symptoms related 
to OSA, such as quality of life, behaviour, and school per-
formance [17–19]. Anatomically, results have shown an 
improvement in upper airway dimensions following func-
tional appliance therapy [20, 21]. However, those reports 
contained several methodological flaws, such as hetero-
geneous samples with a lack of sound control conditions. 
In addition, the analysis of upper airway dimensions was 
based on lateral cephalometric analysis, which is not ideal 
for diagnosing the complex 3-dimensional configuration of 
upper airways. This study utilized 3D-based CBCT evalu-
ation of the effects of twin-block appliance therapy on dif-
ferent upper airway subregions and AHIs in paediatric OSA.

One limitation in this study is that the CBCT scans were 
taken in the upright position, while OSA usually occurs 
during sleep (supine position). Camacho and colleagues 
found that the minimum cross-sectional area decreased sig-
nificantly when patients were scanned in the supine rela-
tive to the upright position due to retrodisplacement of the 
base of the tongue and epiglottis in the supine position [22]. 
However, there was evidence of an insignificant association 
between head posture and airway volume [23].

Another dilemma is that breathing was not controlled 
during acquisition of CBCT scans (alterations in respira-
tion phases), which could bias assessment. In addition, there 
is no standardized approach for upper airway assessment 
with CBCT due to many uncontrolled variables, such as 

alterations in tongue position during acquisition, the influ-
ence of neighbouring structures, and systematic errors in 
identifying anatomical landmarks and boundaries. Addi-
tional evidence of underestimation of the actual upper air-
way dimensions arises when various software programs are 
utilized, with measuring errors ranging from 1.1 to 10.8% 
[24, 25]. However, such inaccuracy would be neglected 
when all samples are analysed in the same manner. The 
implications of these confounding variables are already 
widely recognized by mainstream sleep research.

At the level of the nasopharynx, no significant differ-
ences were found within the treatment group (pre- and 
posttreatment) or between the treatment group and controls 
in all parameters (volume, MCA, AP, and lateral dimen-
sions of MCA). The nasopharynx is the superior part of the 
upper airway formed by muscle and fascia and bounded by 
relatively rigid components (choanae anteriorly; vertebral 
bodies of C1, C2 posteriorly, sphenoid sinus and the basi-
sphenoid superiorly, and roof of the soft palate inferiorly). 
This relationship between the nasopharynx and its bony 
enclosure may explain why the upper parts of the upper air-
way demonstrate less airway collapsibility during sleep than 
the lower parts as well as the fewer dimensional changes 
during mandibular advancement therapy. In normal cir-
cumstances, assessment of nasal airflow dynamics shows 
that nasopharynx geometry contributes minimally to upper 
airway resistance [26]. In this regard, rapid maxillary expan-
sion (RME) was found to significantly impact the volume 
and dimensions of the nasal cavity and nasopharynx but not 
the oropharynx due to the remote nature of the anatomical 
features of the nasopharynx and their relationship with the 
maxillary complex [27]. The minimal increase in all vari-
ables among both groups might be attributed to two factors: 
normal growth development and reduced thickness of the 
posterior pharyngeal wall as a compensatory mechanism to 
maintain upper airway patency.

At the level of the oropharynx, all upper airway param-
eters (volume, MCA, AP and lateral dimensions of the 
MCA) were significantly improved within the treatment 
group (pre- and posttreatment) and a significant difference 
was also detected between the treatment group and controls 
(P < 0.05). However, the increase in upper airway param-
eters within the control group was minimal (P > 0.05). 
This increase in oropharyngeal volume (3137  mm3) after 
twin-block therapy might reflect an improvement in airway 
flow. Similar results were reported by Wang et al. [28] and 
Shete and Bhad [21], who focused on the velopharynx and 
oropharynx, while Haskell et al. found that the change in 
volume was insignificant [29]. The MCA is the most criti-
cal site that causes maximum resistance to airflow. In OSA 
subjects, a smaller MCA and related anterior-posterior and 
lateral dimensions at the oropharynx level are a consistent 
finding in the literature regardless of BMI matching between 
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OSA patients and the corresponding and of the method of 
assessment (MRI or CBCT) [30, 31]. The increase in the 
MCA following mandibular advancement therapy (40.47 
 mm2 in this study) is considered a definite clinical indicator 
for the improvement of airflow and upper airway volume 
[28]. The AP and lateral dimensions of the MCA represent 
the severity of the obstruction of the upper airway in the 
sagittal and transverse planes, respectively. At the level of 
the oropharynx, we found a greater increase in the lateral 
dimensions of the MCA (4.26 mm) than in the AP dimen-
sions (3.53 mm). Similar findings of greater transverse 
dimensional changes in the upper airway were reported by 
Zhao et al. [32] and Shete and Bhad [21]. Furthermore, evi-
dence from paediatric anaesthesia concurs with our findings; 
propofol-based sedation is associated with greater transverse 
collapsibility of upper airways than anterior-posterior col-
lapsibility [33]. The exact mechanism of these morphologi-
cal changes remains unclear. However, there is agreement 
that upper-way patency is controlled by the pharyngeal mus-
cles that comprise the nonbony portions of the pharyngeal 
wall. In fact, the anatomic alterations of the upper airways 
induced by twin-block therapy seem to be quite sophisticated 
due to the complex configuration of upper airway structures.

The influence of tongue volume on the patency of upper 
airways should be highlighted, as the posterior one-third of 
the tongue is located in the oropharynx. Jena et al. suggested 
that the backward position of the tongue in subjects with 
a retrognathic mandible pushes the soft palate posteriorly 
and encroaches on the upper airway dimensions [34]. Thus, 
the forward posture of the tongue and mandible by twin-
block therapy might improve the sagittal jaw relationship 
and upper airway patency at this level.

At the level of the hypopharynx, only the MCA increased 
significantly (19.91  mm2) with twin-block therapy 
(P = 0.003). This difference was also significant between 
the groups (P = 0.041), whereas other variables showed no 
differences. Interestingly, we demonstrated a large effect size 
for differences in MCA of the oropharynx and hypopharynx 
(1.9 and 1.1, respectively) between the groups. Evaluation 
of effect size allows a more general interpretation and quan-
titative description of the size of an observed effect rather 
than overvaluing its statistical significance. These findings 
demonstrate that the MCA is the most relevant potential 
parameter when explaining how the upper airway anatomy 
plays a role in the pathogenesis of paediatric OSA. At this 
level, Chen et al. proposed the MCA at the base of epiglottis 
as a primary outcome and detected a reduced MCA in OSA 
patients [35].

In this study, the supraglottic portion (PNS-C2 distance) 
was identified as the upper airway length because the phar-
yngeal musculature and soft tissues are more susceptible 
to tube collapsibility than the more rigid cartilaginous sub-
glottic portion. Increased upper airway length is directly 

related to increased airway resistance and is considered a 
predictor of OSA. This study showed that twin-block therapy 
increases the vertical dimensions of the upper airways, and 
this increase may be attributed to the fact that during TB 
treatment, the mandible is advanced in the vertical direction, 
and the hyoid bone is in a more forwards and inferior posi-
tion. In this regard, Li et al. found similar vertical growth 
patterns among OSA subjects and corresponding controls 
with mixed dentition and of young adult age [36].

The significant increase in SNB and FMA and overjet 
reduction in the study group demonstrated the clinical effec-
tiveness of the twin-block appliance in the anteroposterior 
skeletal correction of class II malocclusion. In addition, a 
significant reduction was observed in the AHI (74.8% drop), 
which mirrors data reported by Zhang et al., who reported an 
average AHI decrease of 75.9% [16]. However, others have 
reported lower values of AHI reduction, including 63.4% by 
Villa et al. [37] and 28.6% by Umemoto et al. [17]. Patient 
compliance might partially explain these conflicting find-
ings, wherein subjects wearing the twin-block appliance 
more often might end up with more stable and favourable 
muscle function against upper airway collapsibility, while 
noncompliant patients did not. In addition, inconsistencies 
in patient selection criteria and different underlying aetiolo-
gies of OSA might play a role. It is clear that twin-block 
therapy is advantageous in treating paediatric OSA and 
reducing the overall AHIs, although they did not return to 
normal paediatric reference values. However, it should be 
noted that some AHI changes may have been attributed to 
growth of the upper airway or regression of lymphoid tis-
sues. Rongo et al. found that airway dimensions increased 
for both control subjects and class II patients treated with a 
Sander bite-jumping appliance due to physiological growth 
[38]. Their study highlighted the importance of growth in 
the assessment of the effect of orthodontic functional ther-
apy on pharyngeal dimensions.

The literature shows that twin-block appliances are 
superior to other myofunctional treatment modalities in 
terms of improving upper airway parameters among class 
II malocclusion subjects with retrognathic mandibles. 
Kinzinger et al. found that the Herbst appliance was inef-
fective in preventing breathing problems in OSA patients 
despite its forwards advancement of the mandible and 
anterior traction of the tongue [39]. Jena et al. found that 
twin-block appliances were more efficient in improving 
PAP dimensions among class II malocclusion subjects 
with retrognathic mandibles than the mandibular protrac-
tion appliance-IV [40]. They concluded that the ortho-
paedic action (outgrowth and advancement of the mandi-
ble) was significantly greater with the twin-block therapy 
device than with other myofunctional appliances.

Interestingly, the current study showed very good daily 
wear time (13.43 h), which is clearly above the 8-h threshold 
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required to achieve good patient compliance as reported by 
Sarul et al. [41]. However, patient compliance and adher-
ence to the treatment protocol seem to be lower in younger 
children, an age group for which compliance and adher-
ence are largely related to parental cooperation [42]. Over-
all, correction of anteroposterior dental arch discrepancies 
induced favourable changes in upper airway morphology. 
The long-term stability of functional therapy on improving 
upper airways and the resilience of these benefits against 
later growth should be addressed in future studies.

Conclusion

The current study shows that the correction of class II 
mandibular retrognathic skeletal malocclusion with a 
twin-block appliance resulted in a significant increase 
in the upper airway volume, MCA, and anteroposterior 
and lateral distances of the MCA at the level of the oro-
pharynx, MCA at the level of the hypopharynx, increased 
upper airway length, and a significant reduction in the 
AHI, but it had no effect on nasopharynx parameters.
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